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projection of any face is the intersection of a line drawn from 
the south pole of the sphere {S in the drawing) to the pole of the 
face with the plane of projection. The face e, for example, is 
projected at e'. Faces on the upper half of the crystal are pro- 
jected within the primitive circle, those on the lower half of 
the crystal are projected outside the primitive circle, and faces 
of the vertical zone, such as a, m, 6, appear on the primitive 
circle. 

Figure 89a, which represents a vertical section of a crystal 
within a sphere, shows why faces on the lower half of the crystal 
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Fig. 89a. — Method of making a stereographic projection of the faces of a vertical 

zone. 


are projected outside the primitive circle. The pole of the face 
E, for example, is at e' and its projection at e. 

The important property of the stereographic projection is that 
all circles on the sphere appear as circles or as straight lines 
(circles of infinite radius) on the projection. Circles on the sphere 
are of two kinds: great circles, whose planes pass through the 
center of the sphere and s mall circles, whose planes do not pass 
through the center of the sphere. All vertical great circles appear 
as diameters of the primitive circle. All oblique great circles 
are arcs of great circles passing through extremities of diameters. 

The method of projecting poles on the projection depends 
upon their position. Poles on the equatorial circle are laid off 
directly on the primitive. Poles on vertical great circles are 
projected by first laying off the angles on the primitive. Lines 
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morphological properties of minerals 


List of Forms in the Prismatic Class 


Rhombic prisms 

Rhombic prism 

Rhombic prism 

Pinakoids 

Pinakoid 

Pinakoid 

Pinakoid 


4 faces* {hklj, {hkl} 
4 faces {Okl} 

4 faces {hkO} _ 

2 faces |h01}, {hOl} 
2 faces {100} 

2 faces (010} 

2 faces {001} 




A 



Rhombic Prisms {hkl}, {hkl}. These two 
forms occur independently, but together they 
constitute a figure that resembles a pyramid, 
hence the name hemipyramid is sometimes used. Figure 120 
represents an [h,kl\ form. 

Rhombic Prism {Okl}. An open form consisting of four faces, 
each paraUel to the a-axis. The o-axis is sometimes called the 
clino-axis. Fig. 121. 



Rhombic Prism {hkO}. An open form consisting of four 
faces each parallel to the vertical axis. Fig. 122. 

Pinakoids {hOl}, {hOl}. These forms, each composed of two 
opposite parallel faces parallel to the 6-axis (often called the 
ortho-axis), are independent of each other. Figure 123 repre- 
sents {AOZ}. 

• pifiairn id {100}. This form may be called the front pinakoid, 
but it is also known as the orthopinakoid, Fig. 124. 

Pinakoid {010}. This may be called the side pinakoid, but 
it is also known as the clinopinakoid. Fig. 125. 

Pinakoid {001}. This form is usually known as the basal 
pinakoid, but its faces are inclined and not perpendicular to the 
o-axis, Fig. 126. 
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of augite crystals. Twins with (100} as twin-plane are common (see Fig. 
138). 



Fig. 135. Fig. 136. Fio. 137. Fio. 138. 

Figs. 135-138. — Augite. 



Fig. 139. Fig. 140. Fig. 141. Fig. 142. 


Flos. 139—142. — Gypsum. 

Gypsum. d:6:«! = 0.690:120.412: Zd = 80° 42'. Usual forms: m 1110), 
{|111}, b{010), n|lll|, e{103|. Cleavage parallel to h. Interfacial 
angles: mm(n0:lT0) = 68° 30'; 6m(010:110) = 55° 45'; H(ni:lTl) =36° 
12'; 6»(010:111) = 69° 20'; 61(010:111) = 71° 54'; 6c(010:103) = 90° O'; 
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Figure 149 is the stereographic projection of the general form of 
this class. 


List of Forms in the Pinakoidal Class 

Pinakoids 2 faces {hkl), {hkl), {hkl)^ ihkl| 

Pinakoids 2 faces (hOl), {kOl} 

Pinakoids 2 faces {Okl}, (Okl) 

Pinakoids 2 faces {hkO),|hkO] 

Pinakoid 2 faces { 100 ) 

Pinakoid 2 faces {010} 

Pinakoid 2 faces {001} 

All forms are pinakoids, each of which consists of two opposite 
parallel faces. 






Combinations. The appearance of triclinic crystals depends 
largely upon the obliquity of the axes. Many of them closely 
approach monoclinic crystals in angles. This is especially the 
case with the plagioclase feldspars. 

Examples 

Comparatively few minerals crystallize in this class. The only common 
ones are the plagioclase feldspars, rhodonite, kyanite, and microcline. 
Albite (NaAlSisOg) is selected as the best mineral for study. Albite crystals 
are usually so small that measurements mxist be made by the reflection 
goniometer. Microcline is triclinic but is so close to orthoclase in angles that 
it may pass for monoclinic. (The optical properties, especially the oblique 
extinction on the 001 cleavage face, prove that it is triclinic.) 

Albite. &:bU = 0.633:1:0.556; Act = 93° 58'; Afi = 63° 39'; Ay = 87° 
31'. Usual fonns; m{110}^ 3f{lTq|, c{001}, 5{010}, x{T01|, y{201}, 
/{130}, z{130}, n{021}, p{lllj, o{lll|. Cleavage parallel to c and 6. 
Inteifecial_ angles: wiJlf (110: 110) =59° 16}^^'; 7»/(110:130) = 30° 24'; 
Mz(ll0^l30) = 29° 36'; m6(110:010) = 60° 58'; cx(001:T01) = 52° 6^'; 
cy(001:201) = 81° 53'; Figure 150 represents an albite crystal with the 
forms; c{001}, b{010}, w{110}, il/{lT0} and x{T01}. 
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the symbols of /, z, y, and p. (c = 001; 6 = 010). The 
determinations are made just as they were in the case of Fig. 
147; the only difiference is that the 6-axis is not normal to 
the 6(010) face. The following symbols are obtained / = (130); 

(130);y = (201); p = (Til). 


16. TETRAGONAL SYSTEM 


The tetragonal system includes all crystals with a single 
tetragonal zone. 

In the tetragonal system there are seven crystal classes with 
varying symmetry, but they aU have either a single 4-fold axis 
of sy mm etry (A4) or a single 4-fold rotatory-reflection axis of 
symmetry (^4). 

There are three axes of reference at right angles to each 
other, two of which are interchangeable. The axes are de.signated 
aiich-c. The unit lengths on Oj and oj each equal to unity and 
the unit length on c in general either greater or less than unity. 
The axes of reference for the tetragonal system are represented 
in Fig. 154. The A4 or axis of symmetry is taken as the 
o-axis and the lateral axes of reference are either 2-fold axes of 


sjrmmetry, lines in planes of S3rm- 
metiy, or lines parallel to promi- 
nent edges. 

Since the lateral axes O] and at 
are interchangeable, interfacial 
angles in the prism zone are the 
same for corresponding faces of 
all tetragonal crystals. The 
angles for some of the more com- 
mon forms are: (100:110) = 45“ 


I 



Fio. 154. — Tetragonal axes of ref- 
erence for xircon. 


O'; (100:320) = 33“ 41'; (100:210) = 26“ 34'; (100:310) = 18“ 


26'; (100:410) = 14“ 2'. 


(16) Ditetragonal Dipyramidal Class. A4-4Af6P C 

{Holosymmetric) 

The 2-fold axes are normal to the 4-fold axis. Four vertical 
planes of symmetry intersect each other at angles of 45“, and the 
fifth is normal to these four. 
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Tetragonal scalenohedrons 8 faces |hkl}, {hkl} 
Tetragonal disphenoids 4 faces (hhl), {hhlj 

Tetragonal dipyramid 8 faces {hOl} 

Ditetragonal prism 8 faces IhkO} 

Tetragonal prisms 4 faces tllO}, {100} 

Pinakoid 2 faces {001} 


The two correlative scalenohedrons are congruent forms distinguished 
as right \hkl\ and left \hkl}. The right-handed form is shown in stereo- 
graphic projection in Fig. 179. 



Fig. 179. Fio. 180. — 

Chalcopyrite 

ciystal. 



Chalcopyrite is the best known representative of this class. Figure 180 
illustrates a cr>’stal with the tetragonal disphenoid ^(772) and the tetragonal 
scalenohedron x(122) from French Creek, Pa., described by Penfield. 


(12) Tetragonal Trapezohedral Class. A^AAt 

{Holoaxicd hemisymmetric) 

The 4-fold axis of symmetrj' is taken as the c-axis and either pair of 2-fold 
axes at right angles to each other as the lateral axes oi and oj. The type 
forms are: 

Tetragonal trapezohedrons 8 faces |hkl}» tkhl) 

Tetragonal dipyramids 8 faces |h01), |hhl} 

Ditetragonal prism 8 faces |hk0| 

Tetragonal prisms 4 faces |110|, {100} 

Pinakoid 2 faces |001| 

The two correlative trapezohedrons are enantiomorphs. They are dis- 
tinguishwi as right \hkl\ and left lkhl\. Figure 181 is a stereographic pro- 
jection of the general form. 

The best example of this class is methyl ammonium iodid, NH*(CHi)I, 
described by Wagner. Figure 182 illustrates a crystal with the tetragonal 
prism allOOl. the pinakoid c|001), and the tetragonal trapezohedron 
f|t66|. 
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form, modified by the unit dipyramid p { 111 } and the left dipyramid s { 131 ) , 
which is a general form. 

(14) Ditetragonal Pyramidal Class. A4*4P 
(Polar hemisymmetric) 

The 4-fold axis of symmetry is the intersection of the four planes of 
symmetry’'. The 4-fold axis is the c-axis; the lateral axes ai and are in 
either pair of symmetry" planes (which are mutually perpendicular) and at 
right angles to the c-axis. The type forms are: 

Ditetragonal pyramids 8 faces {hkl), (hM} 

Tetragonal pyramids 4 faces {hhl}, {hlil}» {hOl}, {hOf) 

Ditetragonal prism 8 faces {hkO} 

Tetragonal prisms 4 faces { 110 ) , { 100 } 

Pedions 1 face {001}, {001} 

The correlative ditetragonal pyramids are congruent and may be dis- 
tinguished as upper [hkl], and lower {Mi}. Figure 185 is a stereographic 
projection of the general form. 



Fig. 185. Yig. 186. — Cnrstal 

of AgF»H*0. 


One of the best examples of this class b hydrous sUver fluorid, AgF-HiO, 
represented by Fig. 186. Here the forms are x{113}, o(lll), and cd{lll!, 
all tetragonal p>Tamids. 

Graphic Determination of Indices and Axial Ratio in the Tetrag- 
onal System. A plan and elevation of a zircon crystal are shown 
in Fig. 187. The unit dipyramid { 111 } is the p-face; the problem 
is to determine the symbol of u and the axial ratio o:c. In the 
elevation, lines parallel to the projections of p and u are drawn 
through the point x to intersect the c-axis. Since the d^tance 
os is equal to 3 times the distance or, the sjrmbol of u is lai: 
las :3c or (331). The distance or is equal to about 0.64 of the 
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(27) Dihexagonal Dipyramidal Class. A6-6A2-7P C 

{Holosymmetric) 

The 2-fold axes are normal to the 6-fold axis. There are six 
vertical planes of symmetry at angles of 30® apart. The other 
plane of symmetry is perpendicular to these six. 


List of Forms in the Dihexagonal Dipyramidal Class 


Dihexagonal dipyramid 24 faces 

Hexagonal dipyramid 12 faces 

Hexagonal dipyramid 12 faces 

Dihexagonal prism 12 faces 

Hexagonal prism 6 faces 

Hexagonal prism 6 faces 

Pinakoid 2 faces 

{In the above symbols h > 


lhM}_ 

{hh-2hl) 

IhOhl} 

{hMO} 

11120 } 

{ 1010 } 

{ 0001 } 

k) 


The stereographic projection of the general form of this class 

is shown in Fig. 191. 

Dihexagonal Dipyramid {hldl}. 
This form consists of 24 faces 
(scalene triangles in the ideal form), 
each of which cuts the four axes at 
unequal distances. The symbols of 
the upper faces of the dihexagonal 
dipyramid are given in Fig. 192. 
The angles over alternate polar 
edges are equal. (Fig. 193.) 

Hexagonal Dipyramid {h-h-2h'l} 
(Pyramid of the second order). 
The faces cut two of the lateral axes at equal but greater dis- 
tances than the third lateral axis. (Fig. 194.) This form differs 
from {hOGlj only in position. _ 

Hexagonal Dip 3 rramid {hOhl} (Pyramid of the first order). 
The faces cut two of the lateral axes, but are parallel to the third. 
(Fig. 195.) 

Dihexagonal Prism {hkiO}. All the faces are in a vertical 
zone, each being parallel to the vertical axis. Alternate angles 
are equal. (Fig. 196.) 

Hexagonal Prism |1120} (Prism of the second order). This 
form is similar to [lOTOl except in position. (Fig. 197.) 


\ 

^ / 







Fig. 

191, 
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INTRODUCTION TO THE STUDY OF MINERALS 


Combinations. The habit is prismatic, pyramidal, or tabular. 
Simple combinations are the rule in this class. As beryl is the 
only common mineral belonging to this class, it is the only 
example given for practice. 


Example 

Beryl. ^ = 0.498. Usual forms: ^{OOOy, mflOlO), s{y21}, 

r{2131|. Interfacial angles: mm (1010: 0110) == 60° 0^; cs {0001 121)^= 

44° 56'; cp(0001:10Tl) = 29° 57'; fm»(10T0:2131) = 37° 49'; ms(10T0: 1121) 
= 52° 17', Figures 200 and 201 are the ordinary combinations. Iigure 202 





Fig. 201, Fio. 202. 

Figs. 200-203. — Beryl. 



Fig. 203. 


has in addition the general form r(2131{. Figure Om represents beryl of 
tabular habit, which is rare as compared with the prismatic habit. 


(21) Trigonal Dipyramidal Class. OL6(A4)(P) 

{Trigonal tetartosummetric) 

The plane of symmetry is normal to the axis of sjTiimetry which is taken 
as the c-axis. The lateral axes of reference should he taken paraUel to 
prominent edges or faces, but in the plane of symmetry. The type forms 

are: 


Trigonal dipyramids 
Trigonal dipyramids 
Trigonal dipyramids 
Trigonal prisms 
Trigonal pri s m s 
Pinakoid 

{In 


6 faces (hkilj^Jikhl}, (MU) 

6 faces !?*»***»•** 

6 faces (hOhll, (OhM} 

3 faces IhkiO), likhO), IhkiO), {kihO} 

3 faces | 1120 }, 12110 |, { 1010 }, { 0110 } 

2 faces { 0001 } 

the above symbols h > k) 


There are four correlative dipyramids possible for any given v^i^ of 
h k and I Figure 204 is a stereographic projection of the • 

No“ presenttl^e of this class is known. The forms given aWe may ^ 
deduced from the symmetry, but no drawmg of a crystal of ^ class wi 
the general form can be made, since no axial raUo o;c is known. 








rnisymwiMn^iJ’rigmml Mr»mpfmmetTic)Vi’riu(mai hmmamtmwmric)Vi'iiMvrHd ite 
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___ , 

{Oiloi foiioi fpiloi : 

irnhols h > Wf* above sytitbah h *A® above symbfils h Wone s| 
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INTRODUCTION TO THE STUDY OF MINERALS 


The only certainly known example of this class is benitoite, BaTiSi^Os, 
from San Benito County, Calif., described by Louderback in 1907. Figure 
206 represents a tM)ical crystal with the forms: ^gonal prism m(lOlO), 
trigonal prism m{01T0), trigonal dipyramid p{1011), trigonal dipyramid 
and pinakoid clOOOl}. 


(23) Hexagonal Pyramidal Class. Ae 
(Polar hexagonal tetartosymmeiric) 

The axis of symmetry is the c-axis; the lateral axes of reference are parallel 
to prominent edges and also normal to the c-axis. The type forms are: 

Hexagonal pyramids 6 faces (hkil), {ikhl}, (hMl), (ikM) 

Hexagonal pyraunids 6 faces {h*h'2h*l}^h h*2h-^}, {hOW}, {hOhl} 

Hexagonal prisms 6 faces {hkiO}, {ikhCy, {1120, {1010} 

Pedions 2 faces {0001}, {0001} 

(In the above symbols h > k) 

The four correlative general forms of the first line are disting^hed in 
order as upper right, upper left, lower right, and lower left p>T^inids in the 
order given. Figure 207 is a stereographic projection of the general form. 




Fig. 208 . — 

Nepheline crystal 
with etch-figures. 

Nenheline (essentiallv Na.\lSi 04 ) has been assigned to this cl^ on the 
Hepneime tesseu hexagonal 

basis of etch-figures (see Fig. 20»J, x^nere wie fnooTl 

prism { 1010}, and the upper and lower pedions (0001} and {OOOl }. 

(24) Hexagonal Trapezohedral Class- A«-6As 

(Holoaxial hemisymmeiric) 

axes at 120° to each other. The t>'pe forms are: 


Hexagonal trapezohedrons 
Hexagonal dipyramids 
Dihexagonal prisms 
Hexagonal prisms 
Pinakoid 


12 faces 
12 faces 
12 faces 
6 faces 
2 faces 


(In the above symbols h > k) 


{htel}, {ikhl} 
thh21il}» IbOhl} 
{hkiO) 

{ 1120 }, { 1010 } 
{ 0001 } 










LH, — Crysiilli* im— -Cryii&P- lip.FEei, 21 
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Fig. 211. Fig. 212. — Apatite crystal. 


(26) Dihexagonal Pyramidal Class. Ae-SP 

(Polar hemisymmetric) 

The six vertical planes of symmetry intersect in the six-fold axis of 
symmetry which is chosen for the c-axis. The lateral axes are one of two 
sets of lines normal to the c-axis, but within the planes of symmetry. The 
type forms are: 

Dihexagonal pyramids 12 faces }hldl{, (hkil) _ 

Hexagonal pyramids 6 faces {h-h-^1}, {hOW) 

Hexagonal pyramids 6 faces {h-h*2h*I}, (hOhl} 

Dihexagonal prism 12 faces {h^O} ^ 

Hexagonal prisms 6 faces {1010}, {1120} 

Pedions 1 face {0001), {0001} 

(In the above symbols h > k) 

The two correlative general forms given on the first line are distinguished 
as upper and lower. The stereographic projection is shown in Fig. 213. 



Fig. 213. 


Fig. 214. — 
lodyrite crys- 
tal. 



lodyrite, Agl, furnishes a good example of this class (sto Fig. 
the fomls are the upper pedion ctOOOl }. upper hexagon^ «14041|. 

hexagonal prism o{ 11201, and lower hexagonal x|4045|. 

Ice also probably belongs to this class. (See p. 326.) 
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Calcite. c = 0.854 (a = 101® 54' for the thr^axis mrthod). JJsual 
forms: e{0001} = (111), m|10T01 = (2TT|, a(1120) = |101|. e|0112} = 
{1101, r(10Tll = |100|, /{0221I = |111|, *103321 = |554|, 3/|4041} = 
{3U}, e|2131| = {2011, yl32511 = {3021, «|21341 = {3101. Cleavage, 
perfect parallel to r. Interfaci^ angles: e«(0112: 1(^2) —45® 3'; 

ewi(0lT2:0lT0) = 63° 45'; rr(10Tl : 1101) = 74® 55'; rtn(101 1:1010) = 45® 
23M'; #(0221:2021) = 101® 9'; /m(0221:0110) = 26^53' •j_Af 3/ (4041 : 4401) 
= 114° 10'; Mm(4041:10T0) = 14° 13'; A* (0332: 3302) _= 91® 42'; 
iw(2131:2311) = 75® 22'; to(2131 :312^ = 35® 36'; ot)( 2131:1231) = 47° 1'; 
yy(3251:3521) = 70® 59'; yy(3251:5^31) =45® 32'; ev(213l2^325^ = 8® 
53'; r®(10Tl:2131) = 29® IW, »na(1010:2131) = 28® 4'; «(2134:3124) = 
20® 36M'; fe(2134:0112) = 20® 57>^'. 

figures 220 to 231 represent some of the common types of calcite crystals. 
The dotted lines in the figures represent cleavage planes which aid in dis- 
tinguishing positive and negative forms. 

(16) Trigonal Pyramidal Class. Ai 
(Ogdosymmet ric) 

The e^axis is the 3-fold axis of symmetry; the lateral axes of reference 
Oi, Oi, and as are taken parallel to prominent edges. The type forms are: 

{PQr|» • • • • Trigonal pyramids 3 faces {hkOI, 1^1 
{efg), {feg|. ... Trigonal pyramids 3 faces {k£l|, (khil) 

(where e — 2p — q + 2r, 

/ = 2p + 2g - r, 
g = —P_+ ^ + 2r) 

(gef), {gfe) .... Trigonal pyramids 3 faces {hhill, (ikEI) 

(qrp), (rqp) . . . . Trigonal pyramids 3 faces {1^1, (khn| 

{Mf}, {prq l . . . . Trigonal pyramids 3 faces {h-h-2K-l|, 12h.S-S-l| 

jrqp), fqipj . . . . Trigonal pyramids 3 faces {b*h>2h*i|, {2h.B*L*l| 

(where p + r = 2q) 

{P<19l> (ee^t - Trigonal pyramids 3 faces (h0hl|, (Otahl) 

{f^}, {qqpj Trigonal pyramids 3 faces |h0U|, (OhSIt 

(where e = 2p + q, 
f = —p + 4q) 

(pqr), { prq l Trigonal prisms 3 faces {hldOl, {iSkOj 

{qipj, {r^i Trigonal prisms 3 faces {k£0|, {k^} 

{lOlj, {110| Trigonal prisms 3 faces {1120|, {2110) 

{211}, {llSj Trigonal prisms 3 faces (lOlOj, lOlIOj 

{111}, {ill}.... Pedions 1 face {0001}, (OOOl} 

(/n ihe above syTtibols h > k) 

There are no less than eight correlative trigonal pyra inida possible as 
general forms for any given values of h, k, and 1. These are named in the 
order listed as upper right positive, upper left positive, upper right negative, 
upper 1^ negative, and then the same order for the lower forms. The other 
correlative forms are named in an analogous maimer with the appropriate 
omissions. 

Figure 232 is a stereogiaphic projection of the general form. 
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Barium nitrate is a good exam 
crx’stal with the forms: the cube 
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Fig. 311. — Plan and elevation of a 
pjTite cr>'Stal. 


le of the class. Figure 310 represents a 
{100). tetrahedrons o{lll} and oillTlJ, 
and the tetartoid, X{421{. 

It is not necessary to find a tetar- 
toid on a crj'stal in order to assign it 
to this class. The presence of both 
a tetrahedron and a pxnritohedron on 
a cr>"stal practically proves that it 
belongs to this class. 

Graphic Determination of 
Indices in the Isometric System. 
There are no axial ratios to be 
determined but simply the in- 
dices of the faces. A plan and 
elevation are made from the 
interfacial angles. Figure 311 
represents pyrite with the faces 
a, e, and o. The intercepts of 
the c-face in terms of the unit 
are seen to be lai: 2 a 2 : ^az 
which reduces to the Miller 


jijTiibol (210). The intercepts of are: and the 

indices (021). And by means of a side elevation the intercepts 


of the face (102) could also be determined. 

19. COMPOSITE CRYSTALS AND 
CRYSTALLINE AGGREGATES 

Loose, isolated crj-stals are comparatively 
rare in nature. They usually occur in groups. 
The grouping may be in parallel position (see 
Fig. 312), in the most irregular manner, or in 
the third condition of partial parallelism. 

Twinning 



Fio. 312. — OcU- 


The peculiar sort of grouping in partial >«» 

parallelism is known as twinning; crystals so 
grouped are called twin -crystals. Many crystals are found 
to l>e composed of two parts, one-half of which apparently h^ 
Uh u revolved or 180® about a line called the twm-axis 

Thes*> mav be called rotation twins. Other crystals have 
two portions svmmetrically placed with reference to a plane 
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The results obtained since that time have opened up one of the 
most interesting fields in the whole realm of science. 

The first experimental work on crystal structure originated in 
an attempt to determine the nature of X-rays. It was doubtful 
whether X-rays consist of a wave-motion or are material in 
nature. Laue, a physicist at the University of Munich, con- 
ceived the idea that a ciystal might act as a 3-dimensional diffrac- 
tion grating for X-rays if the latter consisted of a wave-motion. 



Fio. 375.— Laue photograph of XaCl. (.PhUograph^d by Donald G. Bare.) 


In order to test this, a beam of X-rays was directed upon a crystal 
plate of sphalerite (isometric ZnS), and a photograph was 
obtained which showed a central circular spot surrounded by 
elliptical spots of varjnng intensity arranged in a sjunmetncal 
manner similar to Fig. 375 which represents sodium <^hlond. 

The experiment had succeeded and proof was furnished that 
the mysterious X-rays discovered by Roentgen are the result of 
a wave-motion simUar to, but ^^-ith much shorter wave-length 
than that of light. The central spot of the photograph is pro- 
duced by the direct beam of X-rays and the other spots are due 
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Hammer. A small square-faced hammer of about 2 oz. 
weight is indispensable. 

Anvil \ small block of well tempered steel, square or rec- 
tanpilar in cross-section, and about > ^ in. thick, is convement for 

powdering minerals and has many Other uses. 

^ PlatimL Wire. No. 27 platinum A^re is the best size for 
general u-e. The wire may be fused into a piece of glass tubmg, 
or held in a special holder made for the purpose. 



F... 477.-Por..bl. blowpipe outfit. (CouH... of^e Denrer Fire Clay Company, 

Test Tubes. The n«,s, convenient size is 12 cm. long and 

15 mm. in of 7 mm. outside diameter is 

Glass Tubmg. boft g t ^ ^ ^ 

best for most purposes, bu ■ Tot-iKIp 

For some tests hard '"^^poded especially for solubiUty 

Watch Glasses. ^ ^nd 5 cm. in diameter. 

"^^agjeh 'r:n:gTi;;i.ed^i^e Slade answers the same purpose 

and is more convenient. 
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silver, Ag, Silver, Ag, Silver, Ag. 

r W^AmAw biwwipipe MWirias^ 

iWkiMiMmd MlCHt3iiiii^Mi«»ci JMlcHCiitiiniiMiMrtfciil JltflCMCiltiit 


t tA iplt AIM asp®l uWrt Kijigtti 4MM dxpffidM Hs iMiftlll 4ttM espwiutiif 


SociiiMii, rta. 


Sodiiim, Aa* 


SofliMiii, Am. 


Eg|!i^C» IMiili ifcMiffcWtelw 

fc^oWMWwWif iiisliwIlMiw^iiiilif 


atitueiit. essential eoiistitiient, essential ecinstitiiciit,esseiitiiil con 

Snieoii, i^Mfeii.iiiicler Silicon, fgliejA^iiiider Silicon, tgitA#*iiiicler 
Jr* SttOnMiiim, Sr, StMnlittiii, Sr. Stroiitiuiii, £ 


with MUl. 


with HCL 


with HCL 




in solution. in solution. in solution. 

Sulfur, S, Sulfur, S, Sulfur, S, 

ids and Swl/uAfSHuJhUr and i^dfn^0ltmultids and dnfjo^^ii^ulj. 

^^Jft?ESt46fiSdr give tf in sarugeliSdg giv v the H|iiugeli^dr give 


^tihiirnaLO of siiJAin, gnblimate oi suflAA .suhlinjato ol 






SuUaies^ 


B. Butfates, 


B, BuBaies, 


B. i 


platimiiii firaipica or platioiuii tirstiuca or platinum tirHtiiiea or 


im, Te, 


Tellnriuiii, To. 


TeUtrriiliii, 


Tellnrii; 


illft ref^vioIetRiiitiirfttiltfi re€ioooletiiHttir«.fi|lf; red-vicilfitt»ifi#r« 
iibliiiiatc on olMhitidllublimato on clmtetftitpWiiiiate on oMtetlfti: 


ficlftrlyiiig scarlift^o undeTiyiiig scarlftfcpn unciCTlying ncarlit^o U] 
1* Tin, Sn, Tin, Sm Tin, Si 

Uil. 




fVPi» 

D 

gjlfi 


iim , TL Tiiamum, TL Tiianiumj iB Tiiani 

ktott^lTOitllTtdb sj 









w, i imgsten, W. Ttingsten, W, Timgstenj " 

J 

radigtHres aifflfdrtetw# AttdWves aiffiedrfM*d Jlifflfiirtw*# U 


Mtf* hevoimte^Mfivimtme hrTOriftigt||iifripitatr beeoiifSt|gl||wg>t 


yraiiiiini, U, ifr atm iiii,; U- yfasiimi, i 

PiiittpiM4tpfii#ipifiis^ii4tptiii*tep^ 

ill 0,r- in O^F. in O.F. 


V* VaJiattiunij V. ypnadiiiiiii Y4 Wanatiiiiin, 


masn. 


niass. 


maan 


wftliie of of of 

HjoirogoiT^at^ |gpe Hjdrogon^ater (nne Hy/frogoj Jester (one 










Staples -Llotu W- Staples Sloyd W. Staples Siaiyp W. 












mnmrMmmmEmmmimmmmvmiMVTiMvmmBm 


*iirffiiip®fejpi^eAttrfraKi|plibiiw^aAitiirfffiirfp5ll)#i^^citfi 
rtiiiii ^Ettl itocli^^ frff ctiiaii fiaA trff rtrtiifi rf 

hbflto ^mimia^AAt 

ifiutilliiJtt#liiiPi»tei#i«ltltttatiAft|Piaii^ iBjhjiirfiH^ftlsi^; 
iii4i«iiBiW»J|wiA i||jii4i«rito#il|il«iA i 

ip- when lhrtf« ifitihiaMip. whnn IhrtftfititrttaMip. wiien irdfr|itltc«ilii!i 

iiiti|g^iri®iiii*MM»iittfiit»tiiii®Mitojf»ini»itii«^ 

mm^mmwm^im vimmm 

ktwiia \^^ktmMmm^m ^^kmMmAmfim tijfiiihiiiP-itiwi 

and Anvil- Wa min er and Anvils Hammer and Anvil, Hammer ; 
rtar and PeA^te Alortar and PeA^ite Mortar and peigite Mo 
rtilimksBesr ^Hp igatittiHksaes A^M iWaiiaiHMssem a^w iWa 
Blotters. Blotters. Blotters- 

ttpp&d Forc^pti mim Mpped Forc^^inum=ttpp&d Forc^ ^jniim - 
ilass Rods. Pointed Glasn Rods, pointed Glass Rods, pointed G 
S- T’oothpicto, TcmthpicAs, Tooth picfc 

W^in Gl^fc^^^tean Gl^fe^ift W^ln Gl^^^ftlil 








desk, desk, desk, 

ick. Solvent Block, Solvent Blocfc Solvent Blc 

ie acid, DiluttvteSlhSrie acid. Dilafi3lpi!®|iiJ«ric acid, IMiiMlidoaiiilor 
Dilute (| ;l|titric acid. Dilute (lilftitrie aeid. Dilute (Irlffitrie acid, 
d. Dilute (1 Bolfiiric acid. Dilute (1 lidlfuric acid. Dilute (Idieiferie acii 
liydroDd, CBinipoHiuia hydroxid, rSniOiouiuiii oydrosid. CBmuionium 
iter Distilietl water Distilled water JJistffled ws 

jclc, Moaf out Block. Meaf ent Block, Reagent BIi 

ntfllMs Otfaicte Difaids 

m^mmMpimer timu mmMmmMrnmBTMmm 

Ed scrap plat i lit int.) elcaiieci scrap platinuiii.) cleaiicd scrap platiniim,) alwuis 

»fdiW tetapiaiiiil^ 


Solids 


SoMds 


SniMs 


im ioriid 
Itratc 
liitrat-c 
ijicartKillate 


Vcdass uiTTi iodid 

Silver nitrate 
Calciuiii nitrate 
otJQiiim DJerarbonate 


Pota ssi uin iodid 
Silver nitrate 
CJalcium nitrate 
Sodium biearbonate 


PoLaSair 
Silver te 
Caleinni 
Sodium 



cnioiiri 

urn ctichromate 
iitrate 
ihlorid 
tn sultete 


Sodium eWorld Sotliuin eWorid Sodinio 

mniiHonmni aicnromato cirurnonium nicnromate Aiiiniom 
tJoCmlt nitrate Dobalt nitrate Dob.mt ri 

Cesium ehiorid Cesium cWorid Cesium t 

P'otassnim sulfate Votassnum sulfate Potassiii: 


Igltcoxitne DiiutfLiiylgiyoximo DuneLuylalyoxime rrimeiiiy 

(POire fninorm y lucmte, (.Itere mineiatf (Dire mineral.f 

®n - V M Igibe o lArffflifffffiin aiftfak)be ol|«f#% 

netabikimutliate met^bitemiiihate liietabiHinutlmte i 

n tfuoevHiiatc tbificyanaf^ 





j MAOTE^WpTOAND AWU M AMEMHpMI AM J 




iflki|fiiriii||jii: AtQitelqn^Bfetltiiriiiii-At Mc^ qiPilMIpiringjit MQlMMli 





wmmmmmmMmt^^mMmmMmmmmkmmm^ 


iP tl»' ww^Hilip V*; tWAMWilP cfiftlp i# tWi*flifttHifife^ imim t 

iriftiJflPiifrtfiy wifitoi#t<#te4wfrtfffi wMtirJfetftiiflPiWilW 

’ I TOWii»JflM«M _ ^ _ 




rod, rod, rod, 

mmtmMmlimr§mMMmMmiimiWfmMMAMmiim(mm 


lfaiii##^iiiii««^»iftilitiartftBb»»^W*iijil»#Wiiitta*^» 


tteir Bi|j|i™w^eaw» tiMr m«fjpi»^eip» itftiir mil 


iwirtiM^^jmocHwiilliWCjftiTOmociiTOicMfiaEiWmoci 

%#«iiftffl«fl»tp|ftiisf^^ 

9, j|gy?M#»J»»t 

itifii^iii^pfc nipiiii^^^PPWft tipil 

wteWiPM wlWlWiPM wilfwteWM ^ 

i liao ilitriors, lUali otners, l uaii or ricrs. 



rrl iiiTiifi iitn, 


j%l lltTii¥iifm 


Al UiTiliiiiTn 









MaE«|fftitins AfehAApf mwlpfitii itec|(^rtify 



p^mS»i|l»t| Wfiftewi «li«Aj^iltiltslffci#fea«lJti«^^ 

lw^lii«ii*iiwMi k9mmBmmmmmm kmrnm^i^mAmm km 


preripitaiP, praripif ate, Iireeipit are. 


Alltimoiiy, Afitim ony, ^niii If' 



wwirtPitthimffWwisrtft^fcMW 

iiiit will ppipnippMtoiiot «lil PwtPiPPpMiMHIllt will 

%Skiiwm (iWfnipWirPWwf cMdmmm 





[kis isomanplifteifr^tifiJlhiii is«m<iiiplMt|f9Tgnfii^is isoiii€inplMbfif%frfi| 

mcAiAk^m 



}f Fbla ftfileAiiliites of Pbit aMeiiiitates of Flilt a«eft|i||ttes c 


Mailiini, Mariiino BaritOT* 

ml ihftii^itoWlbMtl 

orystate. Jaumorpiitiuj, erystals. iSfiiiiOrpiiijifS oryotals, isoirifirpiifriiis 



ri iRini t tti, 


Hismiitn^ 


Bismii tii, 




mmMTTmmiwmsmtMWTimmmmxmmmimiwmmm 


o! boron, ol horoin Of iforoii, 

*1 



otorted, (j|jj#.(-tive proieetod. jjpj^jOive proteeted. fjpjefPivo pr 


CaJcitim. 


Ufllcium. 


Ualciixra, 






ilrtsfitty 1 WffijiiMi Mmmm 

f BaCUs, precipitate of BaCO 5. precipitate of BaCOa, precipitate oi 


phioyirtg.teliiQrin a art pMorifis,, tf Moriii an a ppiorirts*tiMoriii and 1 





ioii, reciystallizatioii. racrystalliKation. recrystalliiat 







ml chmiiiJiHimiiim anil chrt Mita i»niiiiiii and cliroiiiiliipiitijm ai 

#teJf mmmwmrnc^k iSimti 


Uobalt Cobalt Cobait 









FluoridsKluorm and Fluoridsa iuorin and Fldoridod luorin and 
otaeted, ahould be protected- ghouM be protefd;ed. ghoiild be pi 






L^ait 


lipatite- 



apatite. apatite. 

Iron, Iron* Iroii, 









ilk of thoibftftied. portion of the liautiop, pur Lion of thetteiiied. portk 


1 , 


red coloration. 


red coloration. 


red coloratioi 




olybclaiepf the paramolybdatepl the paramolybclatepl the paraiii 
head, heail, Leacl, 




krnmMi 

fiPBtffrtflOHIpMJe dMuIPPniff 

Si 

_ 


mumiu 

AWPll 

iKft'Airt WwiMb pllfettsrt 



:<i 


ail 


= i_=p 

♦iiPlif 

ilS^(|| 


ler may be torrnedmtder may Oe lormcdm*^oer may 
Magiiesititn, MagnesiunL Magnesinni, 









iwjailganeSK, ivLangaTies*;, iviiiiigiimcsi;, 

ahfcigMiyiiiiiijiy ^ 1 # 


Aitp»tshiiiti|iB|lissi|i^^lpiMitifat^e|l|yri|^^r#Miiif«tifBllJ:fttM 
wte MKfwwiff^ttiiwfc#^ *ffc*niliii^iwiilifcs 



pliftsi 


i»iifB%iifAiMciii® mtmm 


ed. 


tion IS loriiied. 


tion 1 m lOrmfcHd 


tiOii is form 


merciiTy, mercoiy. naerciiry. 



Id under Uouald under Uobald un der tfoiwi 


ra aiid and mw^^^Knum and rwit_*«^^inu 




Kil«^^roclloisl#Wft ttilritopodlirfsi^WJ «i praiii^dkiill^^^f 
ajriititma^^nJhKpreQiidtrttmHwteuite^eMpttaiiiiBfffaiuitejprcc 

IfickeL Ifickel, IfickeL 

llllkfiiKfniprftiteiril SliMliHlW^ipMiiticiiil WMhM^ 
rtptWl kfc«itef4i»p«ptWi *il»i*iid»pMptiJi afcJijifirttpiii 


li^(i®itli!iililprdtifctolil^dwitliS*!prA*feiili^ttKi tfpiitfiprAfcfc«| 
nifsh browBd to a ipoenisli hrawmi to a greeiiisli hrowad to a gree: 


FhciSphatea, Fhospliates. FhospliateS* 

on, cause c=otifusion. cause eonlusion, -ciiiise eonfuai 

Potassi nin. Pntngei iim Fotassiijm, 


tt 

jusly intwfweiOt seoously mtwre^oL Henousiy seoi 




KAta#i W3d til 

tij«tttttii» idMlirt iii:Wir*lAiri»iiiMitertjrt« 

iyi«WjJaifl^UiBW¥iyfpfettobtilaftb§iliwfefiAp||teWiJfiii>silte»A^ 






u^iliCitit::, irom the fiuoeiiJCiif?-, froiii the iluosiliciiie. from the hu 



Silver. 


Silver. 


Kilver. 






iiriicliiflf^iillt^ifiilttfiiititiii*tfiMtaftwte«ttrt(fiiattfito 


silver salt, silver salt. silver salt. 


Sodiam. apdiiiiii. Sodium, 





B«ilTOJirfiiiptf Sb Sla mti^mMmddmuM^ &lpi 

fiiftitPWApsttMitipMlaii^Ap^MagjpMliip^ApattMaiffpi 

ita^fs*||iMii»rai#ffogi|dla^i|ra§iMifoi«|itBii|dlii^ifBfeimiieiw#ftrfi 

irateirfi#in|ri^^KfcithntttAii*i*i:pirf«fcri|jKit|tateii4irtiip^^MfcriMiijt 

SiilfatBs* Sulfates, Siilfales, 

je iiseci as ttiiictaalfSitii; used as ttiictaalfiilM; used a^i ttritfaiwiPl 

Tim, Till* Tim* 

iali.«iiM«iitift, isIffiiii^ii^^iiliA, isi4ifi«rfii*a^»ftM. iiAftlw 

mm usuallmrecJimmiiirtH# usuall;Breefor»aitt» usuaMmreefp^^iit 
mcl S I t emfl . tB tea ni ii tn amd Ti ta na tga afiiuiti and Ti tana tctta ni iim i 

ind Tungs^l^^sten and T ii n g sCT ta^ gten and Tunasg- tfl^ sten i 
ne Molybdaiti^eiu see Molybdppi^en, see Molybdpnigpien, f 


Uranium, 


Uraninm* 


Uraniuni, 


isfactory, very satisfactory. very satisfactciry. very sat: 

Zinc. Zinc. Zinc. 

»f 

Bffwwjt ^mwmnmmM ^mwmpmpmk 




EMENTS. 1. ELEMENTS, 1. EIJ3MENTS. 1, ELI 

MIDS. 2, SELFIDS, 2. SUI.FIDS. 2. BUI 

:uo-8alts,3. sulfo-salts.3, sulfo-sainsn. siji 
LIDES. 4, halides. 4. HAITDES. 4. HA 

IDS, 5. OXIDS. a, OXIDS. a. OX 

KMBfiAKFefiFKEHHBSABTEeeFKEKimiiAEl’EfiFlili: 
DROXJDS. 7. HYDKOXIDS, 7. HYDROXIDS. HY 
RBONATES8. OARBONATESs. CABBONATES8. CA 
RATES ANB.MIWRA'II^. AND.XiniRATES AN JA.IBW 
r,FATEB, to, sulfates, 10. SULFATES. 10. SM 

mKRvmmm^ vnKmsv^meu wmmmm. ot 

iND NIOBATES.AND NIOBATES.AND NIOBATES. i 
JCATES. 13, SILICATES. 13. SILICATES. 13. SH 


ESWW»SIYni«XSH«CKSlYlj(JiMSsi1t«WllIYIMK 


tioas tar Fart llAatireviations tor Fari llADbreviatioas ior Fail 11 Aabuevis 
man iiaimt4Feac:|f iHPan i&am#raac=||_iiMi^riii an AamcFren%^iiajT^j- 

ynnnG^j-" spcci%^gia^|jLioeap= j= speci%^gtaifj|Ainesp. = sptai%_gm^|| 
^rAie JwfbrrfAfe MrtWp^Wig J^fanPiie 

reducing name H_F- = reducing Hame R.F. = mduemg Famn R,F, = 

ation of M^rwJl^MMftiation of of Mif e|»lW^wfti 

di-srm JfWSFdUr.-d /fWSAFFrtU FidrtawFAdsii Jjp3ft, 

i4F dcsnuTeiiaymA ddrpstfM, dcitaidliWiMA degmiiriiiarfifc, i#iusW 

d, silrpleFW^dF Ovent, end, siltBleFldFir Ovent, cmi, sdrpgpiiiji^r Ovniit, Cu 
lee, lUj charfty Jce, Ul^ chnrfty tec, IU5 charity 

s5ft, pgjn^lpf Aidg sdit, s&ft, 

oat, oil €iiut= oil Out, oil 

n eirc^BganSite, dm, dp, circ^H^nSite, dm, Qp, circtef^nfiite, dm, dt 
verdd^pn, thin, natdro, veradWien, thin, natdre, vcrdd^en^ thin, natdro, 



PAmT TI 


PABT II 


MiHiBrogigMTOWTOiiiMmgmowgmBMmpmi 
:NEIlAPCliMSl MINERALCHHIJ MlNKHALOfflll MI 


wdiictory Introcliictorj introdiictofy Inti 

Bt liiilldiftifittMiibtMt 








IrMinwwtlogisasjtiiir #»rt?lifitTOlogisfti^tr 







IP- 


!;teaAjfcafcrtlBp^»ciMitsaAihwfertfcjiAi:i4ti|fcto^rila,fcrt^|iA*:'f|ti| 

irtM T»Miii¥= ptSfrtssitM pfflpHfeiM pfljite 


f 


Sti pildftif#igaiii#ai|#fj 


Wh 







HRiei*thBntfi*».,0>4nflfMpi“thpoi»afe«iint*rtei“the,,t«*nb]«iiii 



1. E 

ivo 


LEMENTS 


1. ELEMElfTS 1. ELEMEWTS 


m-mMals 


A. 

fyon=m€tals 




OiammA 

c 


Pifl-momd 

C 

iMmMMmA 

c 

bmaphite C 


GBAFIIITJS G 

GHAPHITE C 

sUUy* 

s 


suppra 

s 

SHLPlIIl 

S 

lialm 


B. 

Mefrtlt 


£0 ifclals 


McrCllry 

MI 


Merciify 

Hi 

JilBfCttry 

Hg 

aoLD 

Alt 


GOLD 

AH 

GOLD ' 

An 

iItVKm 

Ag 


SIPVBM 

Ag 

SlLVKm 

Ag 

COPWM 

Cii 


COPPEIl 

Cii 

coppEm 

Ch 

Plgtifniim 

Ft 


PMtiillim 

Pt 

Platimtfm 

Ft 

[rein 

F« 


Eon 

Fe 

Eo" 

Pe 


«. Iff 


I 

= 

I 

] 

1 













ISTktUH f'THtS TO THU MTt OY tif UtlStMAUI 




i4iM*rvr<|. I^*r tmly «4Hfaw«d €»•»•• i» tbr urudM<4nai 

Kiipirr l‘>4 rt'iM^f^nU a ty|i*<-al rry«tal arnfe grt»rt-«d mmd 

inaiiKular inarkinic^ S|i*i»r4 tviiwi vl iltarntm*! arc rMlwv 



r<»littii4iii 

Th«* iiilrriial «tnn'turr ol iliatiHinti »i»‘i«*TWMi»r<| by X-ray aaaly- 
-i- b. lik*- that «rf -phah-nte i Ki« .1M, |* I3i. r»r*-|K that all tha 
atoiiiK arv «-arl*i*n atoiii*' 

Claavac* t .* tah« «lral Thu* fart rtutl4r« tfi* tf ia i — aw i 

ruttrr to «a\t- (-oiwtKlrraltlr w*»rk. 

H. “ 10 Uf»r fiar»lr«t kfHmn-Mfjatanrr). 
Color UMially rohiclriw or faintly rok. 
«»r»*<l. thiMiKh brilliantly roh»rrd Mur. 
UTrrn, an«l rr<l 'tonri* arr knoan. t hi# 
varwty knoan ar rarhttnatkt ir Itlark aad 
0 |Ml()li«‘. 

Lustor bnlliant, kii«*an ar aiianiantiiK. 
Tbr n»unli unrut cry-tab luivc a |w^liar 
Flu 4i>4. — I) i • m o ■ d in^>ai«y apiwaraiu'c. 

rrysial. Optical Proportioa. Tbr in*lr* of rr- 

frai tion b very biith (n - 2.4175 for rtulium b^fit ) wbirh 
ai-rount- for it.- brilbaiiry. llir “firr” tif tbr .lianiontl in 
arroiintiHl for by it- -tnuig <li.»|trr-ion ; tlir in<lr» of rrfrarti»»i 
for tbr rr«l riul of tbr -juM-truiu i- 2.402, abiW* for tbr \iolrt 
rn.l it i- 2.4tW». Dianioinl- arr tran-|iarrnt to X-ray«, abilr 
icla.— imitation.- an* not. 

Microscopic Tests. KraKinrnt- arr irrr^ilar to triangular, 
.lark l>rtw«-.ni rnr^l nir..l-, an.l bavr bi|di relief in methyWnr 

i.Kli.l. . , 

Chemical Composition. Pure .arl-ui, I i»«*n heating the 
.lianu.ml in an atm.irpbrre of oxyp n it i- convert r.1 into (tb 
Blowpipe Testa. Infusible. In.-oluble in ari.ls. 
Distinguishing Features. Diamond i- .listingui-be.! from 
similar minerals by its superior hardness, its ailamantine lu-trr. 


(kileti 


and its omparatively high speeifi. gravity. 

The peculiarly rounde<l crystals aith an appan-ntly 
surface are unlike those of any other mineral. 

Uses. On account of its great hardne;*.. brilliancy, and rarity 
diamond stands as the gem mineral par Amcmg 

famous historic diamonds are the Kohinoor, 186 carats, the 


I The international carat ia 200 


JATTS 266 265 265 


iwAf 6 l»ftii 4 tei®x 6 «Aipiaifta|ifi®xtf«ft 4 ipl^tt 6 lfcfi«x«l 


ftwi 

p« 


%toWpB; 

ft 


4M$mmFmmiim^m0^0mmmmm 

lit 


iliftfcifldiiitiMftiMiAitiittifilitfldiitPnaftPfilftirtMfm 

IfTOf llflif il^ 

l%i iiipfppiiWiiiflmiiiiitilnilfti^^ 

Pftftfwir mmMMxir mmmm^ iipftrtfieir tlii«w6# n 

i-fc BiiMpwijf^lfc BAtwMiMMfiililife IttMiiiilf ills 

xor -xp^^gjl^jiui^.or “blaclPfilrtlHMI#'or “blacAstf|H#fMj«^ 



mmum^ mmmmi/mM mm 




diamond, diamond- diamoiid. 


»HITB GMAPHITB GMAPinxB GRAl 

F. Grap|^ij*gp|,l^ F, Gmpt^^jpitliA F, Gmp|^^pl|llll 




Eirthy lpnp|tij]e«^ or rartliF ltpii||%ler, or earthy cjr ei 

[ippFfart in fOTftdiwififPrfeet in c|^^^g-i|#pFfeid in 

€p2-^ 2-1 ±yj^ ^ 1 tip2,= 2,1 ^ I tJ32_^ 2,1 ±aj^ ^ i r 


267 267 267 66 «M, 


^tei®^iign^rt«^f^^tft^iig6^e4Mrfoi^^tii«liti||Awliirf|6fi 
Y, Haumk, N. Y, Hagiie, N, Y. Magiie, N. 





jftliih ignewifft qmim^m$Y igneHtts tHtti#^liith igiieHiffe t niiaYft 


pum 


SUYFTO 


SUlYUlt 


STO: 


HY\ Hiiiiti 
jyramidY e' 



^imtiW. Souflfi"ttMf*«4|i#7 SoY^ttfff^Pfll 

mbie dipjraiiiifial clfill»roblC dipyra miriftl pl^y|Oiiibip dif 






mmcmigm mmmmL fyrigm mmmmi mjM mmai 


b oryMtal;^ iiTOiffirtMiMic t ryHtaU fiTOifmfnnflit? tay j^taU tirHifrfrtttft«i 



reHidllta rf^jjiiliia. raMidue, 

|giMPia^f*iiBtiitf>f SfiWPpffllrf I 

aMipiiiferif^iaifl#|}|titit«rftf»ilf^lii#mittiidiiHwrfA 


irtii thf rni^m-mMmAn tlie wiiiMtwitfipiift tliP 



□ . 2S + 2 H 2 O. 2S + SH^O. 2S + 2112 

wllfirtiWif^WW^WwiMiWtf'^W^ 
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Name. Smaltite (smol'tlt) was named by Beudant in 1832 
since it was used in the preparation of smalt, a deep blue pow- 
dered cobalt glass used as a pigment. 

MARCASITE GROUP— ORTHORHOMBIC 

The following minerals: marcasite, FeSz; arsenopyrite, FeAsS; 
gudmuntite, FeSbS; lollingite, FeAsa; glaucodot (Co,Fe)AsS; 
safflonte, C 0 AS 2 ; and rammelsbergite, NiAs 2 , constitute an 
isomorphous group parallel to the pyrite group. They are 
orthorhombic in crystalUzation, have a hardness of 5 to 6^, 
and are tin white to brass yeUow in color. Only the first two of 
these minerals are considered, as the others are rare. 


FeS2 


Marcasite 

Orthorhombic {G. Markasit, F. Marcasite) 

Form. Marcasite occurs in orthorhombic crystals, in crystal- 
line aggregates, and in rounded concretionary masses. Crystals 




512. Fi6. 513 

Figs. 512—514. — Marcasite crystals. 



Fig. 514. 


^e ^ually tabular in habit and often elongated in the direction 

the represent typical crystals with 

the forms; c{001}, t;{013}. mm(110:lT0) = 74° 55'. 

wins with m{110} as twin-plane are common. A twin “five- 
ling is represented in Fig. 325 (p. 110). 

H. = 6 to 6)^. G. = 4.9 + . 

brass yellow with a greenish tinge. Almost tin 
wbte when cleaned with dilute HCl (distinction from pyrite 
which IS yeUow). Luster metallic. irom pynte 

Chemical Composition. Iron disulfid, FeS, fFe - n 
cent). A.al^ often show smaU amounta of arL ‘cT “ * 





sulfiir. Sulfur. sulfur. 


rid. _ with nitric; acid. _ with nitric acid, _ _ with nitric a 
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i|t*iiiii«fipi^# diiit«iii»«f«it»i;# m 


Missciuri. 


MisBOuri. 


MisKCiiio^ 




'iMiXJs jihsbMOPYM™ jmSEMOFYIlrfm AmSEIlOP 
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rTa_ ^ = riQ_ = ifi€d= 

PDpy ft A™noi>y*^4:^f Bt »1 6 — Arsenopy p jgp^l y 
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mirror is formed. In the open tube on slow, gentle heating 
minute crystals of AsjOs are deposited and SO 2 also formed. 

Soluble in HNO 3 mth the separation of sulfur. 

Distinguishing Features. Crjstals of arsenopyrite resemble 
marcasite but are distinguished by the color of a fresh surface. 
Ma^ve arsenopyrite resembles smaltite and often can only be 
distinguished by blowpipe tests. 

Uses. Arsenopyrite is the chief source of the white arsenic 
(AsjOj) of commerce. At Deloro, Ont., arsenopyrite is a 
gold ore. 

Occurrence. 1 . As an intermediate-temperature vein mineral 
associated with pyrite, chalcopyrite, galena, and other sulfids. 
Mother Lode of California. 

2. In high-temperature veins. 

3. In granite pegmatites. 

Name. Arsenopyrite (ar'sg-nb-pl'rlt) was named by Glocker 
in 1847. Before that time it had been known as arsenical pyrites 
and mispickel. 


Sylvanite 

Monoclinic (<?. Schrifterz, F. Sylvanite) 

Form- Usually in branching crystal aggregates. 


AuAgTe4 

Distinct 

{101 


as 


Luster 


euhedral crystals are rare. Twinned aggregated with 
twinning plane are characteristic. 

Cleavage perfect in one direction parallel to 6 ( 010 ). 

^ G- = 8.0 to 8.3. 

Color silver white to steel gray with a yeUow tinge 
metallic. Opaque. 

Chemcal Composition. Gold-sUver tellurid, AuAgTe, (Au = 
^•2, Ag = 13.3 per cent). 

Blow^pe Tests. Easily fusible (at 1 ) on charcoal to a gray 

bluish green and 

Soluble in aqua regia with the separation of AgCl 

of sylvamte dropped in hot cone. H 2 S 04 give a 
coloration. 

Uses. Sylvanite is an important ore mineral it ha.s been 
^e^m Boulder Co., Colo, and near Kalgoorlie. Western 
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334 INTRODUCTION TO THE STUDY OF MINERALS 


Chemical Composition- Ferrous metatitanate, FeTiOs (FeO 
= 47.3 per cent), analogous to a metasilicate. Ilmenite usually 
contains ferric iron and also magnesium. It grades on the one 
hand into hematite and on the other into MgTiOa (geikielite). 


Analyses of the Minerals of the Ilmenite Group 
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Blowpipe Tests. Infusible. The sodium carbonate fusion dis- 
solved in HCl and boiled with metallic tin gives a violet solution. 

Slowly soluble in HCl. Decomposed by fusion with KHSO 4 . 

Distinguishing Features. Ilmenite may be mistaken for 
hematite or magnetite. It fails to give the red streak of the 
former and the strong magnetism of the latter. When it is 
intimately mixed with hematite and magnetite, polished surfaces 
are necessary to identify it. 

Occurrence. 1. As an accessor^’' constituent of igneous rocks, 
especially diabases. 

2. As a magmatic segregation in igneous rocks intergrown 
with magnetite and forming the so-called titaniferous magnetites. 

3. As a prominent constituent of sands, especially the “black 
sands.” 

Name. Ilmenite (irm^n-it) was named by Kuppfer in 1827 
from the Ilmen Mountains, Russia. 

RUTILE GROUP— TETRAGONAL 

Cassiterite (SnOj) and rutile (TiO^) together with plattnerite 
(PbO,) and polianite (MnOj), are isomorphous; all are tetragonal 
dioxids of tetra valent metals. 

CASSITERITE 

Tetragonal (f?. Zinnstein, F. Cassiterite) SnOj 

(Ditetragonal dipyramidal class i 

Form. Cassiterite is found in crystals, crystalline and collo- 
form ma.sses, pebbles, and grains (stream-tin). Crystals are 
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lirfi'Sf * 





nite and zuMUh wiliemite and aiiwitJa nillroiite and mrm Um willeji 




Enaiigannsc ftlsAdfeie manganese nMtsHde manganese fttfia^ne 



MITE 


ChmOMITE 


UMMOMITB 


CMEO 





thrortewM^igiiiJkliAroraMA^MyiJkBifcKwAiwA^fegi r%Bi 
RsliMM _ii«%i5i)^^MKiii«i .dllP®tSti^M»«intrt 

Co., cmt. Co.. Calif. C%. Calif. 


ic chromiiioi ffiiitrilie chroiiiiiiiTi ffifrtcaie cliroDiiuoi fttwHifil 



d all00j«{i2l j, and a! 100 Uif 121}, and a { 100 C, { 121 j, an 
JWMfnat pJ^ltoCd^lMMinet pi^to^i^ldMinct pi®|toti« 


ERRm^mtmTm, FERRm^mmATER, FKRRmmmmATEs^ f. 


mri 


ti^are inHoluMSraimwIrtg^ are insoluhMraiiattoli, are insoluM^ilpiittiJ 



^Be - 7B pmMm (He = 7a 



in acids. Insoluble in acids. liisciliihle in acids. Insoluble 



liiitpjsiMfclwiiiiali 

, aucl coior. giaviLy, 


it cdlor. gravity, auci cblor. gravity, 

i(m€» 
umwm 


aiii 



inatitis. iraiiite pegiuatites, ’ granite pegmatitea. ’ grauite peg; 

iisg|j||^alc||ip||||l iiSg|jt^talc|iyif|||l As^ii 




ryi= 

H 3 US in a n nit n Haus tna n ni te Maiian 

^ 


#j^ct parJiWTOgfl^t^pct parrfflmaSfl^t^ct panilfflilff 





wacrft-^Mifrt^ »»€i^^»fasiifC^ - 

mMKpf%ml^mtmfoluimKtoivM^mimtf}lntmwMvfiiM^mim^t 




;,ij|ifli«:l alttJt^iftiite.rtlifted al iMftteilwUHj iiiilfed a i t»litt#€wiJH 
rd to psilcptidliiMtrrrd to psiIlMtttoiMtored to pailfiiliflaiMrep 

Mli«ilifti»iihifl*taitl#i»i»iiiii^ 



lonDs 


f, HYOROXroS f. MllJMOXlOS R MIDI 



A ItO 3‘l®Msprire 

FetOs^^Detliite 

MllsO I Myftganite 


Ai-iO i-IWDspor# 
FejCl a -ppttctMt# 
Mo 2 O I MFOEanite 


AlaOi 

FOtO. 

MosC 


iOlMWMITB MjFejOimOTTTB HjFejOMlOMlTE HjFe: 

Ijpibfcaite Al(OM)piblisite M(OH)Gil>l»sae M(Ol 

(^»IFCHIT« A1sOj(^»IFCHITE AltCJi(^»lFCHlTB AijO, 

sHftiicite MgCompicito MgCClIIfciicite MifO 

nft 

ipHilter FciOa'HaO, ipIMIteb FetOsMiO, jpfci^tff Ft 
lore Diasppre Dialpor# Diaa| 

Minct cuherhalxi^liMiiiCt eulicArtyi^tifitiiict euhe*riiDi^®i 

l: = 3M0to §43f -- 3M0to IttSf -= SFOtomif 

■ ’ vitreousD' ^ vitreous^^F - - ^ ^ vitreoiis^. ^ ‘ 



iMre insolulflWB^^^ are insoluMFaffJ^Ma.are iiiaolulliaB«^ 


MmwmMimrnMW mmm 


y bricks,of refractory briyte nf refractory bricks.of refiyctor 



ttoiMitiiiiir^WaKilrt At 
o.Claactiii tfc 


oatcd, wlieii it is heated. wheii it is heated, when it is h 
^tliite Goethit® Goetliite Goe 


:hHsst 


(JJipyraiiildal elass ) ( tjipyTumiAal class J (TlipyTaiiiidal 

i»itliiigft|^ifti|i*^iiititil^^i» 

decipher. ^ _ deeipljer. _ _ deeipher, 

liplto itwif i# iM^iiHnp 

;e. = 4 diH. a^oldG- = 4.3 iH. = hA G. -- 4.3 3 ^. 


I plane yi l^UjjIGM plane yi lIMUJjisisl plane di l|WUjj|_#iy 
ilPitlj pasaltal iMipfititdth jm^M BWWflfbylh paiAM BiGlpfll 





rnm^^m 

he Amiiila^ , h 




mmmMB 

he formula 




% 0 mh 

mmi 

he ffirn: 



ififceJe 

1 HCp Soluble in MUh Soluble in ilblb Splublc i* 
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HFoJfO. 






nite 


mangaiiite j«a„iiganite jmsiillia 


Am 


the erystaJs, the Cr;/stals. Liie crysi-mls 

L == 4 :4 4 - = 4 . = 4 :4 4. M. = 4 , = 4 % 4. H* = 4 ^ g 

? '^^wudftifiigte MiAwaflft’teieWJ 

OpaqiiePubinetallifr. ilpaquepubiMCtallii;, OpaqiieP«hmMaUic. 


10-3 pcrtttlilllljO = 10.3 per-^iilySaO = iO.3 periii«i||' 



irMGf f|ibrt^Whi«(jf<ot wttbrtfrWiWniMW i«itbri#>Wi4« 




r ryittcnt. ‘Ugoer water coriteht. mgiier water eoriteiit, u»guPi ware 




lusite’ a 


usile aed jjaitom4laH#MS*^ta anti jjaiiuiTit 






lOmelane. 


e. 


Itaiialana 



fmBmmMiirmm mmaBmMnjTmw mimBmmMinmMW mj 


subnictallic fmrftrit, submatailic teifltb*, submet allic luiitrftj 
AbBropfiittess l^iMblwopertifcaa 




rfttttiaiJy doilb|mKcfim«t«iMv doitblyjifefimtttlttMv doilMitokef] 

lpiiyfcete:pbp^fcffliW*pt«4bi«yif»tttefailpt«yi5iSte»i4##tert 


miiie matter. aud organic matter, mid organic matter, and orp 

witcr. Iron |tiiMclst''«ei#er. Ircin ;pifWd«eMer, Iron JjiiiMdfi 
bJe in HCL Soluble in HCL Soluble in .Hbo, Solo 




ter. eharacter. rliaracter, charae 

tiwiiaa wpswitfliiii&atttmlii itti»PFt#tii«»Bttfttril» 


b ipi^Hiinua aw^dbAki £ii|5^«ViMd £I1I#P^ 
Gibbsite Gibbsite Gibbsite 



jx/D 5 351 
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uroiff 


2tfpaiiil4Wip^«p, artiiMF 

^pL4ii4raf3tfl®W) A^fc#lipaf3L(Wil> 

ltteiibiiiy5i«i»to5iitf5»iipi4»sWt^^ 

fijitfe^iri«©agiwife» ifwiePid^«|a3Tifc» ifi%i 

ilftli||^i«ffli<ai»Mi|iifW#i«f^e«WlSfPl 

' cent), = 54=0 per ceirit)= 54,0 per cent)= == 54=0 pei 

4wwnMsttii^jiyjijjj*lp»jajnastbu»^)alpi!MW» 

ft in dilute ffCllPOdible in dilute llCItosoluble lo dilute Mtltasolubt 




MfMiu ciitlteiiPIffl^ 

ifiitfiwa cgisisfpipi^itfim iaitiif|ii^gtfi» fgifiiiiiigi 






fftvWclWfFdf 


:hite 


CLIACHITE 


ULIACHITE 


ClEAC 


Uea. reHidiie of silica, residue of silicii residue of si 

L nci with tfHfttMddii HCl with ffiffiiMtdn HCl with flyfifftiityr 

dii«ihy f|fi#itttiiih^j»bs€iihw dfittiiMftheiisbwhib#' 

ilmeTiite- ilmenite, ilmeuite, 

I»l|iy, Cdidet#mi| 4 ipisipjiilif. ClifphwifiliPtilPitllly. CliifriMtiittiPhlt 


;ite 


Hmcdte 


Brucite 


Brill 




1 crliiBB) {BcHieiioliecirrii eiasd^ (Beal^noiHwirrii (HcaiaiMjliedia 






rhuiiitK>h#ii#ijp#\ Oral rhoiuboii«t|fij|^veral liioinbuiiaflllJaeWeral 
^ w 23 #"_= ^ == 2 f#=_^ ± 2 _ 4 _^^ 3 I| 


ifihwawidtflj 
l-lJsd Wbrujaa? -t lU .U-». C 


IbK^^PtFiMa* of^J 





Utbrfiwj^ + Ul •= r 


emrnsm 

-t _-=- -d 
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aP«it M 

pyroohroite 


ppttiiiiriJ|te|»ii; 

aplgt iMiitftCttfcl I 

pyTOChroite, 


ailiitiMii 

pyroehroiti 


Ittf tltaa.tIiatt»!®‘IWitf iBfcfttl 'lilifcilttitf Ittiiatliaflllill*# 

.eft opaque, ami becomes opaqiie^ ami becomes opaque, and beconi 
iu HCL Soluble in HCl, Soluble in HCL SoluMe i 





lent loeaJitiip a pror i j,i,o,eiit localilpp a proiriiiiciit localiliip a promii 



3Wf Wiffi, JWihIMe yptmffi, IWtHMide y^siTOifif;, iwtgMMe I 



lELANE ESILOMELANE HHIEOMELANE ESiEOE 
a 

I tJUinemioirl) imineraloid) (miiBMtBMim] 


iO.(Hj«Wji02-(Ba,K2)0-(H,i^OslBa,K5)O.(H,^Or(lSa,K,) 


mvfmmmvuDTim 


sigiitj?fit^IiaH^aiieoetto^itrst^Jiam^afiK«cotaB’!piiteftl3i.JiM^iHtfi*ftnihi 

tti MdiliGrtittMM JjJpIiiit MdMaiUfWM jdvBfaft Hflijitt#iai»i tti31 


ve?^ KaWOjf H 2 BO 4 givea H^HOj pvea KaHOji ±12^*14 gl 


gMMtlfilliiiltisrtlpMMie t^MiMliiH|:i4rtgM|Me g^KlMiMrtisrtpMfWe 
the etrealtiiiijiiite by the at realliiioiiitt^ by tht^ atrealiiiiiiiiite by 
i«l»i«Itdifc MsH»hWi»*ai«ktfdiB If Wamaiigp 

fimMt iwi»pbilBfifiHifieitli»li nympbMlIffcwfi 

ig- BarcwryJepibiffcinK^ Bitbwbiilyatlirifiiig. Batcwriiieatliifcii 

Uflr|h«ii#ifBftiiJliil#»ipal#|Jbwtl#iiJlftiiJimsi»igaie|^^ 


fATES 8. CAMBONATES 8. CAEBOlfATES S. CARBOl 


j?/5 AAAonMttfc A nkydrf/us MfsiMoimUs A nhydroua Aj/iMowmtek Amhydri 

CaCOj/CALCITE 


CaCOs /CAECITB 
CafUirll^nMlTE 
M-fcfitl J fslagnesite 
li«u>4 SIPEMIT B 
MaCaAf Mllodnclirijsite 


Ca(Mi 

MEmti J Ma^esite 
mmt I SIP KMITB 
ElnCOf RhodoclrcisitB 


CaCOa/CAECITE 
Ca (lig[*|^OT|ITE 
ttaglltil J BflaMBeaite 
llAAASroKElTE 
MnCOf IlllOtlQChrosite 

ZaCOilSMlTHSPlIITE ZHCO*|SMlTHSOIfITE ZHCOj|SlirrHSO!flTm 
C-aCtZ* I /Aragonite CaC€J,/Jlragomt« CaCC*,/Aragciiiite « 

liilMlf IStrontiauaitB | Strcintiaiiite Ar-^piUlf |Strontiaiiite Atm 

ittTOsIwitliefit# psTO^Witherite p»ip4 Withtrite a 

PbCOifCEllUSSlTB PliCoJCERuSSiTK PbCoJCEmPSSITE ] 


rboTialm M. Mamc (Jarbonaim B, Hamc Idm'bomdeR H. Wcimc (jn 

^uEoHItoACHItE CiijCOHimACHITE ChAOH»AACH1TB I 

-BafOMAWfiflt CiiEOHMttWWs CiiAOHM«wii < 

AgEPB*«®nali««e MgpolijjpPlIfOTjAe Mg4(OH«mi»TOi©« 1 


dimorphous, dimf irphnns. duiiorphous. 


amsKOOioaoup-atta 




MPUP^MKlflONMiOUEA 







mmwDTi^ 

iWifllustn^jTiyonMrBWiillustijaitoiiyoliMl’HWitiliistMteiiiQiiwrtt 



ITB 


CALCITE 


CABCITB 


caec 


L claas) (Bcalenobciiral clasa) (Scalenohedral elasa) (Hcaleiioliecira- 


r ■ bmh 





CJtfBOiV 



. . _.d 101" 5f' 

_ .. , . fWeteWPi 

ugf «iit««t]»flipip 

iMwiMfS 

wWMiKrtiWrtifW' 

jirksJ'^TijfflSfrtiMsftffriiSj 





Wes of esrieteisrartaitees of ci^f^taiaBSW^es of oirifitSifiMSW 


lMaMWti>B«StitolBo«tfMi«Outii#titeBgrta#HW*#<f6«Stit»iBil 




NAT Emm 


CARBON AT Emm CARBON AT Emm 


carbo 


ister vitreoiifinlor. Kuster vitrcouswlor. l^uster vitrfto!i*tilor= Nt 


i^rm^^cse lrt^ieBii^rin^|ieft ^^ncMmirmmBGm MMpeB: 

i«p^oiatas| 













mmuDYrm) mffmm 


mtrnM^M^pikmimm^akt^ifi^fiUmmimm^Mki^m^ptkmii- 


lit:, mciiA ol caicite. iiieiis ot calriLe. iiieas of eale 



or hard ig^idiiK or of her hard or other hard or cdli 

W»iuA>lrt»f'rtSW»i*uh«»taiMrtlW*lnas^*M 

MrttfflflBMTOW* W i?i 

all wMbrtidlstJimifltti ^piwiiiitttwow 

it(fW?**q|? if aWRtiWfiiWeWf »<>*«&« 


ioiiaie oarhoOiiio. calciuio caihouaio^ calcatlio eail: 






till, oahr, #M%lfe"EjitHo rahr,|^aflP%Aill^tiro r«£r, 

^ITE oOLOMITE DOLOMITE ooLOl 


CAIlBONATEm^l 


CARBON ATEfmi 


CARBOA 






mmMarphii^mmiwmaiMorM§i^Mkmimi^^^pfi^^^^mmtm 

content}^ content). content). 













jBtte ttiiWfeiifirtiiiititttfe wli«iaif»Mi»iiitK^ tt%«iiAifttpy,i« 
: :/ ^ ^ ^ ^ ^ ^ ^ ‘^3Mil 

mmmrnimmM^Mmmmmmvmm^MMmmmMftmM^ 

m^vvrnm 



liniiiiTH. 1 iiiiii£lS= llnlHM^ 



fWirS 

‘ Hf-OfiPtSlll! 

p?^,iPJRi.^«nu 

Ilflllil* *.=T-|#irf fi fit, f!.rig:itiliu = 


. .. .._MiwPH¥TOifttyeaO|;, 

. «l#W«iiafeS«ftvW|i«i» 

4fe4c 




Fii^rtn ol lz-nfLiJiii^^- ^.^fifirtfi Ol t^til 


A^^r£w363 CAHHONATES3h3 CAt(auNATESAQ3 UARBO 

f fb#liWftlPfltobotMp^{ iMlfeiMSi^boteiirflC IktIiSffliitlirtplWfiill 
aesite Magnesite Magiiesite Magi 


MfCOa MgCOs MgCO, 

aellifc^aWsflWWnliiMPi^^ 

pwteiiw 

if}r#fi|#jAiifigt|ififfi 4 iwMaJaf«iiii|i|i|if^ ^ 

ftfca 

reciiis to ciiilguster ntreoiiH to dull#sKJr a-itreous to diittM&icj \it 

%. 5 M 3.0 to ;#.: “ ^ te.SMBtj to :p. = * '©.SiSa.O to ‘M’. “ * 

Iffff^tlre, «ro- 

irj(ringfj|ctitfJfl0iePir^,mWSi<’&-<«S#B:irf«rW/iDef4jci-trfgi^iepi 

Pb6C^»SSWp«ba€2*»^5i*t#^P*^ 



'iftnuesiurn sijf|Wfa|i» magnesiiim sUfrtt^is iiiagnesium slWipMeH o 

l^^ite intei 


mm 

rtipsijw 

ilHiilite mte 



mmrDtiwm Mwi^m^vDviam MQr^^mmvDTiwm mmimmi 


6£wpe»&»- OWafflliaiif ^ 

iiflu»Mforia^«i»lg^s in? 

:evens Stevcnii CoarMtp^- Stevens CvarPSyfi^ St 

; eompoeiHMfii jroTii its vomposlIJiJfttroii! its ecimposifiMW-frciiii its 
ITE SroEMlTE SIDEMITE SIOEM 








it dolomite, sf ilolomile, >f dolomiie. 


«^,3E±,h, ^ 3|#to^JE± = ii^ ^ 3t#!f0^m‘8±, = 3t-#t 
> 



V4rR«365 CAKBONATESm^ CAKBONATESHAb CAEBOl 


for ferrous prore tests for ferrous ghro tests for ferrous ifn«i tests 


i#iiftliM*W##«fi|if«llitMiM*itltWlfi|if«tiiM*Wi#» 


buryj Cjoiunres. Jioxburyj Cctiuijees, Itoxbury, Ooniiires. Hox 


lfblilttiiiifej^S\» 4 ^i 4 |*li«ife^rtbitiiiWbft 

iill^iiiS^iiitc 4 OTipilrtw^ifc 4 iiftiMrtiWi^^ 

Vasili " ^Spolcaiiej Wash, Wpokane, Wash, SpoJcaiiej ¥ 

i# 4 teMt*l*^W#- Wi^WWlP**- W; 


yiidihe OifesieasatWePwStVB Gfcilltirta*il9WShe 


:lircisit® , Miititioctirosite . ujiouoonrosite _ Miiuiicis 

fcywtept|W^flsfcrtjirt##nWito^8pPKTtta 

MiiCtJa MnCOg MnCO, 



crav. Fig, 603 


erau, fto. isja. 





IwfifftCl wftliiflfltrlffiutPttCl wiMitKlfrtfriiifpttfCl %vMi#tiirtff 



rnMn 






f^mlr c|ffiSi-gaJitellA%P c||i^.gaA||U4%rf-Wa^ q|jia!,guli|pi#% 


ii#t}#iit 3 tiiiff#;#iii»^tesv^^ 

to its rolor. to its color. to its color. 

JWITE sMITHSOlflTE SMITMSOlfITB SMITMSC 




wwii ww ijiftift- ifsi»f# Wfflw-' fsi 

»wflOSl)iiO®iWMo%!M|sd'>|pwiW*%#lioW 




; in solia,MMf*fiwPCdS 



^hyE»E 


iiS 

qt i 
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tNArm CARBON ATKii caRBONATEB CARBC 



n. 


Institutioii. 


liistitiitioa. 


InstitijiiCJ] 



Ami 


lomie Aragomie ^agoniit; 









ttlif pttilljliiq 

tt hMiirta^i litffitii»l^tt bteifte^i ttiiit^ittf^ tt btei« 
crystals. crystals, crystals, 

y ^ 2 ,y±,M, -- 3 )#^ -= syy.H. = 33 #= = 2 - 9 ±^II. ^ 353 

airffbMs»#bi«i^teir a 

oiyfrait*®Mg»yn 4 liH?PiyfraiCAi^ai#!Ma 4 t»-«tyfraiCi^^gteiiartiiiy 
>il|fi:^ttt»= OpKitt, fiifiQrtiisrs fflfi^lftsia rft^iii, 1 

ryia# plaiifc3|,llllP), Ayiat plaiieayiAlliP}, Axiat ptantayiAiiP). i 



^ ~ i-_E_ ~ _ 

ragoiiitcpiraistltiwtfins, — Aaigomtcyifystftlji -noS, — Araeoi«tapjf3gstai»™.fiCiS_-,, Ci 


lit iifi%^s*|i^,i^ic OTiiM^witiitfriiiiJit 

colors, colors. Colors, 

=al gyirsuinifrnlPicmical gyiyuitiilyiAPicmAal yyirsuiiiityiAhcioit 

cl crri, times l"^b and Oi't- times b^b and on. times F,b all 
riciiteo, tiip^i-t-s wticn ncaica, Liincc.s; when rieated, jhec*as when 




fpioii 


T?»l 










cti as 


ft?' TOCls such "aslJiMsaTC' ™cks Siicli‘‘is Msait;"' ruclis su 



*«uu wiiii clicite 


fflua With calcituf 


luug WJ 



iitii anite ihuoiitiaiiite itiiimtiamte iitic 







immt^ wiliiiWifcfinffifttefwd wS|teJ|ttitifiii»ii^te4 mSil#4fclM»‘ 



from ara^wftiriaiiite from aragtwirttiaoito from araiftmAfijiiiito 

mmrnmmMmiMmmmtmmmmmiMmitmm mM mmmnm^^W 

(if- from aMiill|i£il*itade from rtfgii^mimAdfy from rMftnliiwiMa 


} 4 oar^Aiir%i|ieiltt»p- Hear Aiisifip^odrt^ Noar AuatirteiflfPls^ i 

|iliififi^iiipii^iiAli|S£iteiltiilffff##W#i^* 

i3rqmiooii%ilMff|i|tMm proa«iieqfrilMti%l|ti|^ft proiiiiueii%iltt»ilim-a | 


tpttAprfliirpfiiiP 



fiw|ierp}||mrij|o; 
Witlierit 


PoW 



qtt 4 prtf|fra|f|ic.f 
Witlieiit* 

GoHl 

«tor 



Wv (Sfi 

iwsgm»i 0 ppiMffiWiMiafiii^ ^pmmM 

practirally ffiteaVige prartioally eStf&Vkge practically ^mWk^e 

A ^ 4 . 3 ±.„^ 3 i|^ ^ 4 ^ 3 ±-H. = SifA ^ ^ 3 j| 

ISift lflan^=0_ittiV!;,A*ipt‘“na^.lliW!;,A*WrCl’i!ja“njyft*l;, 


-me 


«W^r^37l C3««0^3r^37l t?3||l 


iWMciMiiBii ittr^»i4ilMci««i#ii ilArtel 

i^ciwfesiM. ^ tott3^Mec4»ifeii», iwticHittfnMeciiiifcaiM, srtfcniay 


01 coiupoviiidsPt bariimi compoundspi baouui cpinpoundapi barbi] 


mineraL iniBeral. miiifiraL 


tUlSlTE CBMlJiSlTE CEKUSSlTl CEI 

iicjal claaa) (JPipj ntiB iuai class) f i;i|iyi»ifiiiiiil Clium) ipapyirauiii 

b»fffcirtPW«i»%^ftfcWsp««^«iiiitais»8Bfiaw 





Lftiffl ^AriQ-=Q,MW) - Amsi |^anti=-=©.gJW)= Asiat 0iiiifi==m,MW)^ J 

jtilcl. iiietliylpTie ifidltl, methyAue lodicl. methyleiia n 

i, am^^^m^m^^M: 

^T.5 peT_tmiS)(Pb_ = 77,0 pep §g}$)iPb_ = 77_5 per epS)(Pb^ = 

(We«df%AAMdl»pAAsisfciS#»}«^ 


separate 


rabparate. 


separate. 






«f|ll|iMi 


immMmmmm 








¥#«, P rwefftsitt dtff isaAr eerusfH,iJt dlip MWin, ceriiefpjilf iftlf Illi 


tHlTK MAdACmTK MALACTUTt 





rAW373 caif«o^^rK3373 cMifiic 


^4fTOSg»fc^ i^Mil.4tTOigiafe. ftpiil.aiWtiOto^ WM. 
MM MM alfmtgg^Jcil#). i#ii MthMcm^W^^ 


mmmmmMmS^l mtmmnmMsHMWi mmmmmMMfftWl ^ 


cent), cent). 


€eoi 


nm 


fw 

WH* Wrtfie(Jiis*fWH« IfflflrtiiifeitfWH 'ft f 

Eft yicifis wi 


yields wntlfcuW anci yields watlfciiCl) anci yielfis watllcuCt) and 



iFiftjfaftill wf%H¥llfWiifs^ 


i 


.as 




mm 


""SO' 


nmmeiit WMitJd » prominent ioeiflit^ a prominent pleaMff » P* 



te 


Azurite 


Azurite 


Azmi’ 



2 = 
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prominent locality. Here the polyhalite zone is about 50 meters 
thick. 

Polyhalite has also been found in abundance in the west Texas- 
New Mexico Permian basin. Here the associates are anh ydrite, 
halite, syMte, magnesite, kieserite (MgS04H20), glauberite 
(Na2S04 CaS04) and leonite (K2S04-MgS04-4H20). 

Name. Polyhalite (p61-i-ha'lit) was named by Stromeyer 
in 1821 from the Greek polus, many, and hals, salt, in allusion 
to the number of salts in the mineral. 


Brochantite 

Orthorhombic (G. Brochantit, F. Brochantite) Cu4(0H)6S04 

Form. Brochantite is found in small prismatic crystals, in 
drusy crusts, and in fibrous masses. 

Cleavage perfect parallel to to {110}. 

H. = 3^2- G. = 3.9 i. 

Color emerald green. 

Optical Properties. Biaxial. Negative. 2F = 77°. = 

1.728, Tip = 1.771, TL, = 1.800. Birefringence strong, — ria 
= 0.072. Axial plane = (100). c = y. 

Microscopic Tests. Fragments are prismatic with parallel 
extinction. 

Chemical Composition. Basic copper sulfate, Cu4(OH)«S04 
or CuSOi 3Cu(OH)2 (Cu = 56.2, H2O = 12 per cent). 

Blowpipe Test. Fusible at 33 2- In the closed tube it turns 
black and yields water. It gives a green flame which is turned 
blue with HCl. 

Insoluble in water. Soluble in HNO* without effen’^escence. 

Uses. At Chuquicamata, Chile, it is the principal ore of 
copper. 

Distinguishing Features. Brochantite greatly resembles mala- 
chite and atacamite. Malachite effervesces with acid and 
atacamite gives a blue flame. 

Occurrence. A .secondary mineral associated with other 
copper minerals in the oxidized zone. Chuquicamata, Chile. 

Name. Brochantite (br6-shant'It) was named by L6vy in 
1824 in honor of Brochant de Villiers. 
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Fita Mo. Wia- eM-PiilfeK 
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rtlpjpfc IWJWSfU^WW!! IWtttJSg^ 
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ifWiiiftf ii^s|aiisiM«ipf# 


r 3‘ 




03 13.53 or 37=53 03 13=5", or H7.5"= 
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, 13.53 n 


MnfmdmiUn l«aryfttMiilfi 3 i(f 111111 U llitiryrttM 4 ilfwi}ff»tliii aiarffit| 

Ig. 484, p- gitipMin (Fig= 484, p= gpp|iiim (Fig. 484, p. ifligririi (O’ 


j-=&g#f-r— -E-= I = ^ r .-.pj-. f?- . — =-= i = ^ 4 p?_ -— - ^ as 1“= >7=-^ *?■ - — “ 

lift fetrfp 

7jjialt«tpd,fwii¥f|rilfv:c3fta3tpfpd,Mi4ip%i|fw=doytW«ud,a®0ipr^ 


rnfmAi iiiipid ja} Jiditi-Mg Iptopifil Ip^jP liftljiliptl 

atttpat a If^riimipTOltiiiopt a Icjpvpfpipr^fiaiiifad a IfWWHtrt^-Pii 

ly soluble iwmiaffltytiily aoliible ifrt'gijipitglitly soluble itP'wmtiliglit 






Iff yi|I#|lf7|]|f i#3 ,fo<fiFF|f|i#iIft|§ l#»l ,f iffifltilrt#iifc|ifi#l if dtfl 
iptlciii dlip>pw45w5iiii|zptl(4v rt||ft=|iiy4ftPbwM|aptli% 


pad 111 the pmiWppiAead m the pwyp#pjpjtcad m the ftkmMtmtiA 

Wisur sAfliAflwsft^itr Aw^pftPwi tr ft4tiJfis*TO 

FiiPbPiffbylFlWPtttfb QbiPTOtfebyiFMlWIWRi QiappKlfyf opWXMfPiOfii < 
oSWititWtF ppt^prf#u pjptft IJMFfHtW 


wamm^mmuamw wmm^mMsmi^w mmmm 


(Mi tjj?iwlfln^a st^^w i#» fcuftifliifc st^Mp; ciii sltt 

«md wMmMrn^m^mA mSrnmmmMm rnmmmmu 

ipyidet paffliWvtali pMict pa®lW;vtegi tpWiat pa^taiviipi - 
m'f, 1-68 m tcifiifL 1.68 M u* 1.68 m u% tc 


Taste Itittehirent. Taste tiittetueent . Taste Ity-ifttiieeiit . 

^WpsatMtirfla^aiiaipfti&^MiTOpttiliiiTfti^sgMi^paUiiil 

WlfHiitilTitaeA ^ tPTlmiiiiHjlasife ^ 

fritrlMifM 



tttrliiifW 

oil 

piAlllfif 


Tis 

t!«t|||,#liffW|g*irtp 



oiL 


eft#»tCTiiiT#P t 


C'hoflilritl S_-i tl vlio 
rltlfOaiK 


itPiis iriiaeacL* 

it] 



ate radiiiftid thiejeilfate radiiMiitl the sulfate rad jqttld the siiii 




oiagnesiuj%«iMWrrtsmai{iio»U|wy»M*}rt*eniaeiii‘siyft«iiwtl»#S] 




SULFATES mi 


Ef LFATE8 ZAJ 


‘ parallel tu luirallcl to cpltia^&ge parallel to cpMataie 

tis == l.H to 1 ^. ~ = i.K to a. lx, I K to KIk ^ 

M rm§M . sWowietoftafet riS^^ . oEpattsJimf igkt rii|#iW . eKiiwttsliiirtB 
^p^p|g,_ Qtipfi 4 i^ipi^PS._ Qgipiiii Happens. ^ ^IlSilL 

" — (OiO). Axial plane — (OlO), Axial plane = (010). AAal plant 

ffliHfFfiifstp f^, j„ Milppttwatiptetp Wmi ws 

interlereiirpTOtitWaler iiitcrfereneAfAlnwclcr interlercncAfstliWaiar ; 

hSMm«ltePaW!te(»®«i»#ta>1PfiW¥W 

miace part PfftH#4i|f(ifplafe part mawtaffOwplacc part Emmmm 

iirfWiiSfwxvilwfPffAiiiWKpiXHjfsrtepMfigtfkrfWfPti 

pepfiwppifiW'iwftpfiFeWfifiWpseMfii 

illetl bpotliiftPich la ealled hootiiiffO^tii is called boothii%iiich is cn 


wwp iipwpwBp^p. mminm 

}f fpJftiflKHlff Wi «iP|f % JjjinftliPtt #(« Bft llBHPiWi PP 

i^dPri#0t5f«te«»Pfcdi*0ijlW»!dPiAt 

ipna Deeoirfili|iiflgfiPiipna neeoiiiiW-iiWi#fidtiO'»fi r)ecoiif»d*fii#ifidt 

»‘dd!ekpAfAfewitttwB«*rffcw‘^ 

ppri and iop*ff idWiiidpin and totWdOAiOtddp and lopOpiWiidt 
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f*{p 

PM 


ligpij^MWIl^idPtoidfiq ^ pHaMW 

secondary AWWOradt a secondary ftiwdt dfi a secondary AWfdtjfff < 

P'ifWsMsttpdf»iPH*ttdip,fiai#« 

uses, ^ ^ nas many uses, " ^ naa manv imf^n ^ ^ uas manv 


tiaa many uscsi 


las niaTp 
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wop 

tyJiu pfisic 
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r triclmiftfeMtagljttttetr triclijiiKjfsiitepMttfer tricJiiiimfeiltepaftitt; 
l0Miict pamlWsfaeAliWMirt paffljWvte# fpltfiet pa^Wafag# 
; 0 . = 2.10 |i^ 2 J%i|G, = 2.10 M 2 a%i 4 G. 2.10 


CO.. 0.060. CO. O.OOO. CO. 0.060. 

ile ^iifgiwirtii^itei ^WiWMiifc^i 

teiiiwioaiittitflf ftitoafwoii^^tiii# iiiifcawiptfiaiwiif ioo 

tioii angle. tion ariale. tion angle. 
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sidue roci residue (I’ie^pl. red residiin (Fi^OpG red reE 

........ ........ ^ 

III? Iftfti tmAilmpwiMe mMi aa^llmgfjgtft# iHtti 
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=Z= _==- =.=- _ = : - — - ~ 

fli-st 


illCtiVf 

wao^i 



hrWtelit^fifHjM><thPWl%lit^S;if|4W<thyWI%lilI!MgfBil« 



FATKS 399 FrLFFrFS 399 FrrFAFEF 399 Fcx 
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[ter BiMjMg^fi# 4 b iM|ter b W|ter Biiif|ifii|^ 4 S#Al , ttM 

- 0 , 029 , 7 i^ — 0 . 029 . ru — ^ 0 . 020 , fU — ru " 

; wjifibf aiWittcpar^Hi^ i*4 

” loc^ * ^ 15C* * 15C= 


tiit. iij^t ojf iiaep«m£itpi«t uj r iga* ptwiMaWiflt 
w fiij|tililfiito»#iwwi« il#i»tbbili«»libf^pt iMimmm IniiSwgil 


pifOiCioes a IfhiiiM iebp|i|rp vos a iteiffl btelWrgi vee a t|kiiiM febi 



distinctive, taste are distinctive, taste arc distinctive, Lasie are 


ps Plailtew^iiips 

lity. nent locality, neiit locality. nent local 




.AldO^Hf^d, K.An(0^y^d, y^AldOpW^ j, jc 

a.AldO®ilPSto4#e Na,AldO»TOl^e NajAl6(OWb«W|#e W 
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Lrai clasH) (aealenohedral elass) (Sealeeoheclral class) (Scalciiotietj 
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fiiiil«r«fpefciA^|M, fiAil^siai^lnwsKe 
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iBATES 


WIOBATKS 


NIOBATES 


NIC 
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Eiieritejb'BflM WIJ4 § I UiiBaeritejfi"'' nffm W U # f Htllj 

polite s JifeHlii I Scbeelite | Sctieelite | Scln 

temio ^ss|^e»4 f iviiitolilic f %F Btlicillie lli^O. I Wttl 

iMleitde, CTJO^laUOBtia liM tende. (yOjljytJ^lfalililenrte. {BOtJaUClBIfa 

iiirflic CE®slws)Cllllilil 4 iftte (Fe^MujiUM 
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iff 
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irEefite FcrAerite Perberite Iji 

rife rW^^AMib F. 



BmsEmA mmnmmxmBmsEmA MmmmmsmBmsEMm m^imwmm 


made, q\Mffth(mfkmagmadm, qiJSfrfberil^joijtiwadft. QiMfftheviMmvet 

Attii iilifllit|iiMiwf fW^rtt 

Mffioif dfitliMirlftpIft BtiftMOTQjf citj^iaplgplil jtlftritj^ cffi fiift|iS||ii jptii 


Itramite Wolfra mi te Wolframite Wo 
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iinriK 


dOlOi 


i mJiiPjAB 

ilitefi 


ii. =*2 ,1 J _j_ 


rov 


Mipk^iiiaefi 
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Opalaue. meta 


Opaqiio. meiallile^ Opakiiia, iiietallie. 




pWctl 


ifc 4 iw| 


itiliwfW 


(htttfwMte), M 11 WO 4 (hllhlwWfe), M 11 WO 4 (hliBWfwite). MriWOi 

I'l: 

m 


residue. 


residue. 


residue^ 


te, vvoiiramite 



iidjpfhMwi 

wojjraioi 


vmEimmirnmmF 3 fumimmmrai^mm^ vivmnmmmaimm mnE 


palSlbrivbgA jpMJi'Ct pniQltaivteg# piiiMlfedvte 

5 . G, = 7 GGG= = o, G^ = 7 , 0 GG, = o. G= = 7 .()Gil^ = ■ 

PfltoiBPntincnietlMliiijtiiiukiintuitinemetiMliii-^iMiamPiitinemcttiiliii^ 

ffiy 1 Ml GiiGp^pi#f Kip 7 

1 Oi xiGlpI fl h Aif P 1 QGd iH ! p I o h lapJp pm 1 1 1 pix i sHl f d GiiMiiP ^fkfi JJ 

llMipkiillGaieiii®ffl^ss»|iicAltestBJis^iEfli*EBpfcrfftertKip^tepi 3 
birefringaiiee, bircfnnganee, biratViiig 

fe®|KHilbbrtbiiipp^##li!GaiJbdf 4 Griiiipplliiabm 

wkm ti f ittic Gt ittei liSiGifflMGe WtetfiMf ^ 

metbpr^t coltticlb^ aiiiethvst coJCftfabs amcthyat vijlfMMl-is a 


hflblK- readppaG37li jMilciw residi|pA-5«iGiMM<lAv ref^idigGpudt iJ 





tpgiaPeDt triftptspcdfMjap toxin t tliiitoSPoitTOf$plwx-iiT t haiowcjfii; 
iGjiiipigapCtoiftltorMyGmaiiaipiextt dnoctebnianKaiiewdfhiofh: 

MMfWiOtobl: ’astl^ite lPtil|»wbr|itilll* I 
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‘ttWfalcUHfl^ ipprloiafaltJlBtfttiteiAtt ip§ri 

;gl 01 : 011 ) : Oil) ^ 7 «Slii;gl 0 l : 0 l 1 ) i 0 t 33 J|i'i 

f ftiifflifiwasiiifili^ti f lOiti §m^mm 

Iiltw 6 . 0 ±. ^ 4 i 0 tMO.O±. H. = 4 iiJtcWifi. 0 ^_ H. = 4 
iitttet awtetr 4 S«l#Wiiiteltej aMStfOTrfiitaMttlltel 

= 0.01. = OJIL ^ o'oi. 


cc colors. iiiterference colors. interference colors. iiiterfcren 
ft»positi Aei^iiilf; fjf^positifflliei^^^ ©Hiiiposititfi|jei 
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|Jrt#i 


■m 


^4 (®Btl|J&t«0t^lS|pO4 

leiieisi^t Oil Ifliii^Httift CO C3^ 

jla ccffteeii^fisfleri i^lacfil^ 

Hi lOlitn tlwiwfciiAioiJvs^alliwo tfeiiili 
paififrirottlt 

UWO4-2H2Q)./ feiiW04=2H 

Fiisilftp'lttfti Iflits. FuJBapTitfft 
UPe Nai^^|cP|^ieie Na«M IWcP: 
inJi.F. or 111 K.ll 


-0. 

teiicmi^tenJf 
iOscFnilpillaeffif^ 
pa^aHiiPc tit 

mkm 

I11WO4O 

FiiJ 

ffilic Naftll 

in E-F. 


ftlily Piyl^tipeigkrifil 

ised to KardWl^WlFrJO used to haiddtiwOdO used to hard4ftiMLF(4? t 

tPoiirtw*. WtcffliC Mil^diiepStefc!. Mp!,# 

te. Or scneelite. or scricelite, ui scneeJi 




nnmmixm^ lMftftdD«Mioe»#ro? 




3i,3 per ceni). 


r=?== £^:£3^i: I 


3P,3 per cent). 



Le ig jf|*tgpji iTa iiKiijy 1 i^r is greAii irmtSlrpi i-® ig; ^CTeAri lm*1lilrv*" 

r HCtoeSafflfcsed by HCbccKWAscd by HCiDePBififtsed b; 

"* ' myMWmawk ]te«| it»iM>rf . a; 




iHHie, YiHWi Giiaitejay, Y#™S Y»»jt tjfljnrf 

Sp#rnaiqpjygPi^^wtrten^i|yj|pWg^f|^t*iW 


.tilemiie Mtchblencle Pitclitilende Pitch 



(ntiiieTaloid) ( Minaraloid ) ( aii ncraloitl) 



line equi^eilWstalline equi^wigitievstalline equi%pipL%^stal 

i G. = ar Ift?^ 6ViG- = 5?.^ G= = 5, 

M WWfWfflPMit SSfWIP^i^^ ^»«iPIP«ai«g 



mmsEBm MxoimvimvBnjrEEA maaimfffmmBmM’EBm MMnmwmM 

n eompoundsof radium compoundsof radiuin ooiiipoundrof radiui 
femMtadMi rdwiffic wittoiiPtelaillmi idwlt® csdAnab-iailliAi ;riwlf Hsiait] 
Bolieima, Bohemia. Bohemia 

1758i|utikii»tHdfc'm 17dMip)CikiBmti|d|f‘iTi l75BMm6kitas 

.umiiite Coluinliite Coluiiibite Col 

t, F. C mlillMhftfolooihitj hi ( hil iBa BCIolumbit- F. CciliBdbltolumbr 

iWMb,Ta)20ppli«lIl!9tMb,Ta).0JJpiblifiblWb,Ta)20B)t^ 


form. form. form. 

1ft MmiMitwoi Jitepfiiift Mftifl'ilwiji Jiipptkgft Mirfflituaji Jttttwt 

hfCwiiosr: fttotlto M-F=(mMuam3 ftaitllo Ipfif Ito MB=(|: 

Ta eontoiif) I’a eoritciitj Ta roril.eiit) 

tantalite. taididitc. tantalito. 




le color, a deep blue color. a deep blue color a deep bh 


«dittWt4 

fti^riiwp 
Ic m acide. 





HmeKipmmmu 

Insoluble lu acids. Insoluble in acids. 






Ce,L,a^<i|iffi!;ii^s ^Ce,Laj!ad|iaEiH0 4 ; Ue,La^iliMffiifsJ 4 

:a:F/»® 4 TITE Ca, F|.M|AT 1 TE Ca ^ F|. FOATITE C 

:a ; 4 ClfMi aaH Cta -4 Ca - 4 EtIlahHCla 4 Ca; AW'aJallffa 4 C 

nsiapA.,l^C)HAoif#Jpaete itb«pEl^t>aaorplpatite jiEapEt^ClMHor^VFfalc J 
*t>4 C " |- : PAatCm ti * a pti- PtiBArntx^tPc Pb; CfflfcaiiEEtc I 

*b, civ¥ft*aaiiite Pb, civmijttiifiite Pb, CiVW^fMnite ¥ 

p 4 lPO¥iFfliiifi FejrpOVlF«Hi« Fe4iPOViy«lliia i 

; CM ^ CPOO tm Opm® If W 3 (Mt (POOEE P CM 3 CJ^OO Eli OiPH»M J 

,u%l, FjEHsblf^jijite LjAl ^ F. MB iMQcinite LE 41 , FbAMfbIi#3iiite 1 

»bZii'«M3il6lzitc PbZfltflMaMeiaite PbZn^ <IMsii6liite 1 

;M 04 aF,M^sh1C|H:4^P0 4 FF'M^tulQii 4 'P 04 A 
?e, AsCS*:@«Miti Fe^AsCBc0«Mi« Pe^ AsCSc©«Mi<i I 

U.;: OHSAfaPMaCABM -O Aj , -ffMmtiMkJlPiib'Ii -O A^l- bJlElFaPfelFtaBH;0 J 


FFAl- omali™ OH ^ ^ TObAb OTfrrtbciSai- OM ^ ^ ¥® 4 [Ab OH ^ , H 

A^MOOanift-iteSHtO uOCasttWiteiHtO TJOCaiMWitFSHiO 1 

^ jM^pliJIfKiJpfyaMW' pifl^ialiy|»ppftjiii<Jw immpkMmmimAmm 
of MaFEliiit la, balts of HaFfljat i ?4 Falta ot H^lH-hat ia, aoita 
tzite Monazite Monazite Mona 

o) (Hrismtitic c iuFOF ) (Prionmiio cia^s^ (PriHiiiatic cl-i^ 

fw^rnmmmiA 

m 

; HMIJ. parallel to oJlUUO parallel to oIlUUU parallel to o 


mfijfAMmyAMmmMwmfjAxmyARmmMvmjiAMmyANmMiM 


e slitliilkjfiptoJftJWgkre ^|lri4jf^PSW^ttfl#kFe sUIjiiiitjfip^ifftiate' 

tmMm)mjhiuvS^0i\iiw^mAmjmmirnMiM^iiw^*i(Am)mmimMm0^fiW 




^iliWtlaiftijilffilkMSlftftlttlitiMjil^fte 

silicate. silicate, silicate. 


mrnmvifMm^mmsmiRfAiimmBmmsmm^^-ifpmmm 

ai* l^lth gtkii#tS%ali M#€h ||fit,l(|iti(|lali m#ffi ^ppiliiS^ 
blft ill HaSOilt is soluble in MaSOalt is soliible in IltjSO^lt is solu 


c |i§l|#i«ibl|liiiiili e ift«i«ibillfl»ft e f fift^itipill I 


itJblilfcifiiilMilkfMalMiilfelilkPli^ 

mical testsff microeliejiiical tesiMr microcliemicfil teststr microchf 


Sahia, BraziL Bafiia, BraziL Baliia, Mra^ 
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ils MtnBpils MiflBiMls -Mia'MiE 



ATITB 


AmriTK 


APATITB 


AB 


cUpsTOmitlal mmm^trrnl dipyrAmMm^WimikmMtl dipyraimidal mmmhnnsM 

tosrtfHrfsWsrtiil. o 



8. »«: m, #«. BSO. «o «8, m, mR: fiS9. *«• «*= f«» #*», S3 

&4a, Apatitep^H^. 639^643 “ Apatlteprj^ ApaPtcpsjos, fipy 



efmpgeitMjiroA- Bir 

Mtkwtlf r iiitntfriottt iiBwttorder uimttviomMvmkMdvT irmrirfi le»MBt 


tim_ |Bil 5o^p^ ^ 4nX 11® iBIiJT ilPSl pSSbSjm lOjlrt®#! 


:'iilcllii|gtii|iri*i fimm wfilrlHiBtaipW ^mv wMvU40tmmM iBmw m 

li«psfiwilj#iHWpi#liiii||iifpiliifilj#iiiifBf^^ 


iiilltfe ,|i||i»yvi4fteiit|it|?> #fiiii4pvirtfteiit|itf?> t^ltjpiifwtj^tte 

XftmwfgrniMv^mhimxA fcmrnMnA^i^mM ccryst ijj 


^ 

collopiutnc. collopliaiie, Ctiilophaiie. 

i^ula, Itussttpia Fcninaula, Hiias^pia Fenmaula, Hua^^ftpia Feiiin 

m^Amsmk^^p <wai 


mmi 'Pt74W m^^mmrivrt^ m»mm 


ilite DahUite DaMlite OmW 

lAgonal dip*f'«*^a|yfl|K«ilj|onal dipffmm^Uyt‘\nmA^iiAl dipfWpfllMlaljTlRi* 
i^||» to‘=«r^ert»rftiw* 

mbit- tabulmr iii habit. tabiilftr m habit, tahulmr m b 
g., = 3d3±.li. = 5. ©. = 3.0 ±.H, = h, CO. = 3.*J±-II„ i 

tp or pale tIMtttr whito or pale tMtor whito or pale tlMtor whi 

P|fa^llli|l^^h. |J|yp|L^gpUp^J|^||r^ 

¥lta 

irenee eohirter iii*erferpiire_eoi^rter interfCTencejjo^rter iiitorfi 
p twt |iifciipippri^iir ^pAij^^iiP^gjr 

liw-Pftrtf il^rtwiilie itibtfMfi«iiOTtti*ily* li® 
iiifcpiiihi^#«i#WitewiryiM#irtiiteifci«i#iiiM#*ii 

tolybdatC TiiiiTri paramcjlybdateiiiuiTi Liaranitjlybdaleiiiuiu tiaraiT 

ff^tsWJiip^ywWitiWkiPKWwWfcwgiiif^fi 

g«pri«teap®Tfcre«pn«,jS}®^^is.*veiW'i#«iW®«ii 

jerphcypt^yy for superphosp^p^ for aupenthoapl^^ for sui 
da^&rlp^^ly^^g^t atWftriHg^y |fi#ljMa:MttrMt|#iiiirftaf| 


mfiA mma A KmmMmmfiA mmA a KmmMmMfJAMms 4 RmmMm 


643)- 643)- 643). 

t<Ma.8±. H. - 3i0t<v4A_g + ^ H. = + . H, = 316 

oent. cent, cCiit- 

F|ji^ei66yj-#ijtae#ircfjjyi«oiTcea^iia«ttircfiJtii«eJ4eti54iili^ 


ftlrifpptiff):| m^mm mri#it6if|i -!»#»»« w: 
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rQjAmmfMiVRAA^)-*) rcp|fliiisqlfcrtt.(33j4) replafiiscttti£i||.(f3 

ailfwfiiiilfepf. apiiiifwiiittiffeiti* pEailfwWfli 
m^mmtomsWitM fr#iwt|ot|pipritti e« 
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site, €olcirlesspolcitim|aite, Cfjlorlesspokigrfftite, colorlessColoKrKl 
:f%it|i«tii^. CWisiMi 







of cloves, that of oil of cloves, that of oil of cloves, thai of oil 


mm m§mmMm«Tmm »MfAM»8|imd«e«i»A 

ellow. the flaiiie yellow, the flame yellow, the flame y 
= in ordiiiJirylMiililble iri ordiiiaryJa*pWwblc in ordiharyli^rfiablc 





fdulitc, sprtiW^^dpyldhlite, spadwhMtaflpBhiplite, spMliiMpdhpi 
iks. moG>hic rocks. morphie rocks. inorphie rot 



Dcror/# 86 W^^aiwcror/tfTOM^^BM>crorj#TOM®»*i« 


= 2 . 65 ±H, = 6 . G. - 2 . 66 ±H. ^ 6 = G, = 2 . 65 ±H. = fi. G, 
riTdddlWiGgl»riiGtit«ircrrid#^^gtaEiriffitrt:trcJ^dfaiiGHlwiMiliti*| 

illiil^eMi^^oolieilftfilteeM^^teenjiiiiK^irteMB^faflnpi 

«ittiii^yiitttiirttfii<®fjtHs^«»iil#»flieiij|H^^i«iflrtW»« 


twiTiiiii|p>lysyiithetic twiiiiiiii^ysynthetit; iwiiMiij|KilyHyiit hetie 
OHi^^trtiHfciiiiBtetit^^tBieiiiliiiliiitoiM^t^iii^idittl 


Ulio to JitiflAlij|ft4bsoAlliij to MitiAm^aAhmaAjlia to 

ists. Fuiiliiwf^. Teste* Fuilldwfipi. Teats, FiiatfJwp|p4,Ti 

I ordioarylPiMifiyile in orclinaryT^flaljle in ordioarylaiajlGble ii 



me Andesine Anclesiiie Anrteaj 

dfewrt»at^w»Bh» 4 iff 
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tea, and aodeHitea, and andesitea. and andeai 




ifiorit# 


n-aijraclcirite nabradcirite L-aljra 



idtiti If tWIMfetwMiftt If tWIpfifiw liWilit li iMlptifalii 

^ 


G 


2.71 ± 


i. Ci. 2.71 = 6 . e. = 2 . 71+1 



Jlrpiiii^^ C^tt4|frp|p|^^ C^i^l 



. riaS*liAuaJl¥\HO-‘+ rdaMdliad^dlAufllTdl+'a rS^ddri”i*liAti J 1 

wtfft 

m rows. “ in rows, m rows. 



+}«» 

j AbgoAiiTnd^BoAlifio in AbgoArijcidWftoanso to AhaftAnvod+ifionnisn o 

I Tests. Fulto^l Tests, FullflF^t, Tests. FuilflW^i 
nith difficiiItlMfeifcjwith diffioiiltfqlvfcjWith difficultfqtvlflO 





*terWt8tlif®i^«^^^^rM«iit»|i^Witel«i«riitscliti|ip^ttM 
ownite Bytowiiite Bytowiiite Byt- 

plaeicfcIascaBe citiier pJaffioelaseitaie other plagioelasep,lie other 

, G. = 2G4±h^ ^ B G, = 2 74±„ _ G. - 2G4±ij^ _ U 
Boriess, wlMtcCoteKWloiless, whltt^iilblilwleriess, wliit-rcoIoliB 

piiiip»= c«iiiii7M|w»- f*iiiii*iitP»= cgiitf 

bchcaia l##^llBB#f]4tfi%toP=4af 1## fttMwieiccfff 

27® to 36® tnoif Mid 27® to 36® fJiiiliMid 27® to 3§® fluiffiMltd 

:Aii70 to AbijB%I|!iaAh-irtAii7o to AbpiAPjjqAbaoAnTif to Aboal§|t(!Ab,„ 
liMests. FugM#f|pihtests. Fii«ti|%fipi Meats. FogMlrflii 
soluble in MGliehtly soluble in HBliehtlv soluble lu ±lp|jg|itly 

At 

malys|sj»_ ohemienl anaiysisj^ chenueal liiialysisj. ctieiiiieaJ J 

Uyo , Duluth Gtlutn _ _Duluth,3Gnn- .Dulutliji 

ilijhWifl ai^lftoigg#!^ aj^lf tiii 

irthite Anorthite Anorthite Anc 



, 7t AnorgyitRiorthit, 77 Aipr^it^uuthii, 77 AiH>r|^itfliiorthit 

(CaAl;^,Q^jjyp (CaAlMA^^,^ 


iS/L/cj^r£.s 


43u 7 /iV< 4a9 


«ii 


bcog^fat^^fri: cMin^bcop^jMl'^fiirt fmiB#beoi%tiaf^tifrl 

tt) 36 ® to 379 ^ 51 )) to 371 ^ 011 ) tfMABfi" to 37 iflj§ii)B» 

liiy AWflfirftiiWh wiiiflw MmM)Mi^MKmm 
MM MmM-xmy7Mmd 

[p# 7 Iests= Fiiiiia«iipi|i 4 oiests. FuMilwpip 43 ?fests, FiiittMlw|iJ 
rWBtailfc ifiHCMoi^^rirtilF iplSiMMifr wwfaistli igipCMbi^ 
ion. evaporation. evaporation. evaporat 

t I iReiitiilMiiii 


«bipaai|Fhn]i|i*giorta*F€|poi4FhcoftegiiM4asbi|priipt!imjil»Kitiii 
.ifcir iipii fTO^^^kalii^pftra^b ««r|Moi*frifcer aii^ fp^wlMQilii 
Vliyakc. Japaneks. Miyake. Japiroeks. Myako. Japaiioks. J 

«r^lr# ihilllifMi, fiif*i||i^p ikdlhi^Ms, fnf 

iecfiiitrlliM. eiystMFkceftHkihip einiittoFhKfficfcllikt ekwtidFJ 


:H0ID f^meWPATHOm (IffiMraPATHOID MMBPAl 


nucite Loucite FeiiC-ite L 

;F. ^illi^^iiiJlijTpF. BM|i^^#piaiM# 

rjircks tlio tiiCp-zfttorirOB Me trap^zftfcwidroK the tMpfafte 

srfi 
t- 

1 

V 

«iJ 



Tests. InffltoWpipe Tests. IntetoWpipe Tests. InMteWpipe 

liii^ 

itassiuni sgrilctee of potassiuin mM^ee of potassiiini spjftioc of pc 

iiiiy<Wfi%b®i»itriiiiilpilTifi^miitii^ 

t 


eline 


fl ephelijie 


jiepheliiie 


Ifepli 


PC jOop||fiictipnlieliri. eC joep|ip|iJpPpheiiii* PC CPPp^pfstPiilieliii. 


lgip% 


SMMttW'taiMiBiP'wMMaP 
%=6.2-<i±-H. = fii Ao=6.^-8±-H. = 5>#P^,2-8±-h. = aM 
006, «„(lC38) = „ (1 SaiOjr 9;0pCj„ii«Cl.-638), = 


pronce 
V 



r t uteri erepoe 


T%P^ 


or^ 




rwrr inTcrie 

MWW 

PM 
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SILIV. 


lUte Kodalite soflalite Soda 


illiistiTict clfitea?rtrtt»iiistmct dGlteiig«itiiliistiTict clfifcwiiliM 

miS.2M±M- ^ 5|-!l3pA2.3±,H. ^ Ass + .& = 5>i 

gray, or cCMftteiilMe, gray, or cUblflteiiiiie, gray, or 

romiMm,4g^0mk9ro^mmt4 g^mm^9iomTMm§AH^0mmm 


tvreeii criMdftlntfcil^tween criaMdcMmffatetwcen crMBCktlftfcteilie 


lAliiOi^Kiiliite, SMftAlSiO^^Niliiiltft, iNaAlSiOoNiiillite, 3Nf 
m witli MCJlfielatiiiizes with HCllJclatiiiiKes with MCJltielatiiiiw 



stones, atones, stones. 


i phonolit^oiiitea and phonoli^^niies and phonolit^einiea ano 



mmdp i 


^ .. -ftyrtiiteds^^w 

flftidWSMSitP itdiAflrtMidMHWOihfP it 



yne Maiiyne alaiiyne Mail; 

A :*Bl® »»iWl 




lilt W^lsfciGiittfcit «fc*iit»4iCfii« 

Cii.S. 3NaAlSi04-Xa2S. HNaAlSiO.^NaA. HXaAlSiOiA 

Aass- glflas. glass. 

HsS. HA. _ IHS. _ 

jilfAroiii iiiHtttHifelH#ii?frcim JjHifltpiihi#ar§roiii fttHltii^iteteif 

iite mmmmMrnmmm JtaWHwtoW'iMii mmmmMffMrnm 

Pf#Piil|iiMHiiifilllfpii^tl»iHe#^^ 

riwpfeiiiiyiigitlifli^iitpfeilifrtlifWiftW^ 

gtfeMfKsTiaBtllltWf tiafAsialiillltWr iHitWf tfellfATMiliigKt !« til 

iimftiite j|k#i»iiei|fgs 

fiip# Iftll^iMPr^ 

i|f%fclie i|W?HHh4MJtWlhe HWHiilhJnliWahc i^Hi#tilitl 

^ OHOIliHROXKHE GROtpVHOXENE GROTjmtOXEEI 

moiioalinic, iiionncliniis nionoeiiiiic. 


mrnm^^ ^r mms at ^^g^xm ^mas of ttftyiwa^ Mfiwwas oi 



t ao i aRwH Fejaii 
i 1 1 


rao ! 

^ li ' 

ii% ‘ 

CaO 1 E 


! ■ il— 


— ^i. s 

E=IIZ 

J 


443 silicates 443 444 


3 /aJ 


^ are given t^pgi^p are given c^pgirfflp are given CMipgiiflp 
Btatite Enstatite Eiistatite Ens 

[pWc Mg^ttlpirttotpWc mg^^pliKtittifpWe 


very rare. very rare, very rare. 

|iii4ifi»iiy in iOteam gC i#aiiM€4_ii» MrntmmpMMmsi. im iSmami 

* 

iipii^llM^iP§i-eiiii«iit|ftii^^ 

= ii.Ooy. ' = 0 . 009 - ^ OEfii. 




1 . 


elongaticjii. 


elongation 


eloiigatioi 




4c in acids. Insoluble in acids. Insoluble in acids. Insolub 



_ 

appearance, appeararice, appearaju 


re. 


gabbros, gabbrosi gabbrosi 

leteorites, o. In ineteorites= meteorites, E In n 

mmii 


.= = ~ m JrvixE^ ^ = = = = = VAcn = j7y^y-“ a aaa s 

naturei refractory nature, refractory nature, retractoiy 


K iMt*e«-Wl&iftA^^ nAt^emmm^Ae nafifei.W&ittipiil 
^ f»«Ws*i%ii»iiii: iB^WsWii^^ 

ii^iti^cifiiMttMt, # 

b; Ipirtwi^i^wtiiiil; i# 

a or (Fe,I|tiiffl«SiOa or (ro.OTIiMiilSiOa or (Fe.MIMijliO 

-sconms iragifettOot bocciiiies becomes jimmK^M bi 

itb difficultgcltliMFttitli difficultgrilbBtFbrith ciiliiciiltp|jl|ili4% 

feifeh^t#teii^ ^iate h^t#i|#ft^t^li^tflltiailiM 
Itoiit opti||tigitiltf=m-ithoiit opti|^|||iil#ovitlioui opti|ftJgtiistf ovit 


nootcs, noriios. __ liootes, 

rtifittOiKHis i*r«i jj#fRiHl»#aiitip ifsi’Wi fmi 


CENE PYB.OXHWJS PYE:03£E-NB PYE03 


m Msmmmsmmm ifriftMitiwitaW #**n^«tsa 



itt|ila(5fd^s»wWWft^^F3(o#t^3TOttWfi»«ft»alaefftbesWWWfiWfl 


wlMWi&'Ww;' 


-c 


445 
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SlLlrATES 445 


5/5/C 


loo wmmmm\^m^ wmmwmm\m 

tt| ta WM ummm imumm \iAmm umim 

mmm mmmm 

4(100:101845.1145 SWClOOilUlSo^lW 3#c/(100 : lOlSlMlIC Oil* 

itt m oiiiiiiifflWfiitflWtt iit i|4ii^o®gigteii#itf M wiiifiMtfPrtaiwibj 

in Fig* fiflstprcsciitpd in Fig* 6ii#piei?entn€l in Fig* fifitpresented 



pfi* JiS. ««% fiian^ 

H_ jJlOpFifliiF otOfO, i_5i=_=psicJFF iit-Fj — t>f_>K, | ilfipgpj^.F ^= 4 -^. O/FC-— 4=t> 


®t> = 3.2±.“- = ** t^.= 3 2± “• = 4 t^p.= 3 2+ a- = 4 i 
lie, gray, or<^}toaiWhite, gray, ortjlWfliFliite, gray, ort^rtWiFh 

i?rp8«fl(|g? %t«alhfrP8«fta? ‘-Wiiiilh 

y = -37W)l4°pAy = -37tW>)l4»cAy = -37WAI)t4°eA 



prescjit, present, present, 

m acids. Insoluble in acids. Insoluble in acids. Insoluble :: 




ifn»f|eiife^Aiiiftte» 
ith garnifcsociated with gariiiissociated with garnrtssociated w 
otiiiidf littar ^ia^iitifttsiiitetor WiiA 


seanis, masa and in seains, niass and in seaiiis, mass and in 
tills Mrfef^lMi^iltiils wrfetMiMi^^ltfijs ifirte|i^lil|i^^ 

prisniatitdlfWcif its prisniatitiftefMnf its prisiiiatittdfti»4jf its ; 


TE AMGITK AWelTE AMGI 

h Aueitib (G. Auffit, F, Augite) fee, Aueit, F. Auinte} (A, Aueit. # 



le, U|na,jiipi-efib7 Of C g, J*|pr rr^P 

L=— Aupte, Figs, 669 - 672 , — Augitc, riGS- neO-aya,— “AuRitr- Figs, 66100/2 
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iatellOT1iPfS-a^^tMlllEIlp^rfM:ttt>dlOTIlp^s=4l« 
tpf4-f ildwr i^Miigtaial=rttfiBT iJiiigiigto 

Xt -_- 45 titH)>^M%T = - 4 StrtMlVo 4 %T = ™ 45 titro>r ^544 

mmiOmB rnm^^&i^Tumm 

MiHtii^WBfciei^flpttr HiMtii^mAiflialqpliy Hii 

iittfi|pmifcj^fl»iKl«pfeiijiiiBiJfa^^KiHl**wteaftii»iJlM^^iiBl«ii 

4 ll#*iiIai#iiilW«rp^i lie«fblacftj^^tep%i4 He^ijladug^tepfa 
Ic in aakis^ Insfiluble in arids. Insoluble in acids. Insoliibl 


s#alHpfi 4 »^»a«tl«iilaliipHi^^»iiiiit^ifitalfipii®i^actHJtbg 
ciiffiwhKnd tpiwiM^lfe 

mrnmim^^^^v * 

isaltic t-iitfa. 2, In basaltic tuffs. 2. In basaltic tuffs. 2. In bi 


«tegrtjpl^iltfi»*« 4 liitoirtj|t{^iitfiaiaiiJls¥^ 4 iti^Wli:|iwMjli 

IT) ltw^pi«ftifcfelM«i«} Iwteppial^faMMgai ltis^P^ifcMw»4 


nbergite Medenbergite Medenbergite Mede 


,, bt liJdiMitegll^^t, 77 77 l^diM^^ll^git 

SfMg) (SiOsMon^^Mg) (SiOaMoD^P^Mg) (SiOsM«n«III 



and augife, and augite. and augitf 


G. = 3.47 tcft 586 G, - 3.47 tft.SRfi G. - 3 47 t«.agG 


wm)UDrr^mMQimmmvtjoTimms 9 p^^^muDri^mMi^m 


tie gJobiilito a magaetic globiilAo a maanetie globiiMa a iriagiie 
? in aeids. Insoluble in aeids=. Insoliible in aeids, Iiisoluble 


» ci«h»aiitei«fciij^iiii d^p^rtMiatoirtoim 


iiiiif: fc^6#^iig%tiiihf; fcrgtoii^lifil^fiiliif; 

mgles. extinetion angles, eartinetion angles, extinetinn j 

ifci»itfti»tbiityiawMMHW*i#mlHiH»nwmad»ift^lBipteaMKa 

tulip m^rn^mfkfmmMiip rnmmiMdam^mMp sijipi»ilfi<#®ii 

ed the mifirialaiialyzed the miliriflJanalyzeci the iiiili«alanaly2 


irine Aegirine Aegirine Aeg 

m Irtfirf rnifftttiAihiiikaa fiiAtf r«asittvi^w»i»te"a frtttfrwff^Aplttti 
kiiiypAiw 4 ##rti«W 4 AftJpA«wA«^rtAAWAAI||HEf«ariiitt#^® 
G, - 3 5 6, G, - 3A toft6= AG. - 3A A 

iek to green CdlbnMBck to are™ OolbftAMaek to green flolhloWa 

cjp«aw 

M 9 “ m fty w 

= = 4 1 3= -H 3= _- 
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^/7/C7l 7 /4S 


9/L/t 


417 97 449 


4l®e^i7 1 fuffi a 19® 1 WR 

tests for iQifes bead tests for iQpes bead tests for ifipes bead 
attacked by£^jg4My attacked by^yi#lt4y attacked bygy^kaly 


lliisyi#t*ifl|||yWli^d Whmg^tm^^mid ffitiiaeprftwifipliilwd 1 
o;tfi||Btiiiiis||mdiire fl«ati»idiidisf|pdtifb fteawiMidis||^ f* 

piiBijslMititi^ii|fil»y«teiiii«|fli«l#i^ii^ 

ittidli««ifd^li:t^«tM|ii«»i|d^ipt^s«twitpMiwi|d^li:t^ti»ii 

Hob mprrnmhMtM^m 

AiiiiiftiirWiKgiiibskaAiiiifelrWiWaWiaAdiliiihir^j^Mlricii 
Norse god o|j^piitta 490780 god j||^ptifta Norse god dl^ptiiwb 
lea variaiit variant t^giyltHiaa vtiriant ^gljgtHi 


leite jadeite jadeite jafl 

fitracture. structure, structure, 

aii»|jblftict pfllBiM^} i»|ibMyct iM|#Mtfot 

iQoN3,25 tH3a564dQ-o#=3-2a tH3=3i%MQo #, 3N5 

rord^atif M; . raf - C^M^t 11 

a ,MWe^^f^T^6i^ .^Mei^Iyit^tii# 

BOTf ^a®e-«alaw - ^ape-fliom idape^ 

^ «^^rikhm*^sis 

iHowiTi»Blfirrii#^it fertrikfsTjtrifisytiirfc^m^ al*rihf«#ririMriftitlrtlisitt larirtr* 









Lgimt »fv^bgi 3 Ja.tliapiflma wfv^^iMJaltiap 

in acids, insoluble in acids. Insoluble in acids. Insoluble 

Iciioii an^tealliiaB3iailelfeii an^alii m Tijtfjletten anflfcaltfcaiij^e 
it^rtcifiiaia^nBiiiinfiliimsfddasna^«tBintllTaa#dJeima^aBKriiitiMt 


ms. tiMmpmm^mshtmmR torttfitf Hff MSjstm 


the jadcite, the jadcite, the jadeite, 

biadany epnfiittf«»f>bladniiy e|»fiiMfi«»t>fjiatiftj:iy 0||ntiituB»t>i 


E GKOMMPHIBQLE GHOlElFHIBQLE GHOMMPniBtih; 






IfTwidW^^ ift^^hgiadd ii^il 

kxnpmboies AbblyBes Of Ampmoolbs Analyses Ot Ampmboias Analyses af J 




fM7£^ 451 


s/L/c^riTN 




phyllite Antiiophyllite Art tnophyT Hty jijiiiio 

F, .int AjjtfaspbFptj F. F\ 

|Mg:-(SiO 3*^WhorhdliMg-(SiO 3^rt horhiIl|i*||.(SiO 3 prtlioFlial 


rnm^vmtu^mmds^m 


mfi^ 3.1 ± . H. 5 t® 3.1 i . H. = 5 f®ii^ 3.1 ± . H. = 5 - 
ay tf* browfi. Color yray to browii. Color gray to browii. Color gr 


= (OiCi). Ayiat plaiie = (010). AMal pJaiio = (OiO). Amai filajit 

liiiiii. pgtifptiiff^^piij#. pggipiisMf^^irtftii. p(»||ptiftflii^ 

j low secoiMiipii^ to low seconAnptliip to low sorotMiityiiy t* 




p. 4o0. p, oOLK p. 4PtL 

in acids. Insoluble in acids. Insoluble in acids. Insoluble 


itep^o^l^rtiisw i 

inction in fpffgy#ifrtiiiction in iw^rtiMinction in I M^tWifrt 

il 


gneisses, scbisis and gneisses, setusts and gneisses, schists and 




mmvDTimMaimmmiUDTi^mr^mmuDTr^Mmi^m 




pr 

:i aetmolit feTn es called actiiiaiit- eHTi es cHUed atdiiiolitfjHiies ealle* 
ft 4 SlfcWift c|!i#p» 4 #a Sl^w 

i Ml" (TOl^a^tift^liMiilfi ^ (lMi#di%jda4\jdalId {iMMyJ AjAa^jfMtif 





EtoJftrtfcirtw^^rtftrtknatt^aswiKWitnirts** 


Li” iti la’e afiales oi l(r lu Ida jiiielcs oi lO" ia la’ . anffleH oi H 



t i%^aeidipy #^4 Sfe«ia«f 



silicates 453 
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LENDE hornblende HORNBLENDE HORNB 
F. TTfNnliMiiblendc, F, HCHnliMiihlcnde, F, HfifnilMriblende, 

MR) (PriRiTiHtic ipFpmatio elass) (priEiBatio al 


gates. __ gates. gates, 

lie (iWsttiBNifiMMMftiiii 

pgp|«jrfbwiortijfliiU|»gptaidbMk^iiBffllilte|gn^nMbMicji««ftttall 
tion (Fig. mf^ofts-scctioii (tig. Ht^ass-section (Fig. Kif^ss-sec 

fllOL parallel to fllOL parallel to |llCi|. parallel to 
| a , =. 30 ±. M . = dtp . - 3 . 21 . H . = pp , = 3 . 2 ±. H . = 65 
^gWiMaefc . dMbiMftiii idiwtW gefc . HpfcdNaNiiftefMgcfc. ilnfciljiia: 

= Nioa pawl Nlfift Pafie Nluft Pane 




| roS3piitelitisnll ^^ proffigpitoMHiilitopitgro ® 3fAtaAtn5iifciplt | 


ten greatlyTOtoJiiibloiten greatlyroterfiiibleiten greatlywMaiiiibtoi 

IRt Ati ^ I bt^riozHfelTLifitl If feUarfoHl 





hafioltff. and certain baaalte, and certain baaalts. and certain 

id other patroH^fe-anfl other p^ftwteinnd other t^ftSpOSni 
mrnt^^mmmki ^wgfififcHi^iiifiite ^ 

3ts and ai|i|rfMji#littrtatM and aifttrfnttolihtiotfi and aiyrtnltolidtflj 

d posiiiatiiaflowiMaed piasniatitortooiidted prismatiiaefcyBdfcltc. 
'omMenlle Basaltic Mcimtdeiicle Basaltic Horntdende Basaltic H 


eAl Bilicatgi,Ciy^#'eAl siHcal»i^»^gaeAl siMcatgjJJ^Jggil 


tss) 


(FriKinatie ciaas) 


(Frismatic t-lcas) 


(Frisniatit: elf 


Itefi iBiiMi d ft .BafifliH te ®OrBM«d| 



rilfi|#^P&it hf f yMinl]#|Wl»|f mt hl 1 tiff Mds 

iAkWtsliftiidteiBf wiAto|4ldi®#Bffi»iwf f 

TOc«o»i|t. 

= 3 3 ±h: ^ 51 #^ - 3 3 ±h; ^ ai#. = 3 £^±„ ^ 510 
m or siib-itonWJi^5 or autnRitoWfrt^s or sub=iflftP»PPtfi« 
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a//./C^l TES 466 


6 /6JC 


“on conteniHe fe^enron contentHe tegficiiron ront eritMfl Mpieiij 





iftifllftMig# iiaiw«^®*al||lflp8i iaHatwitta: 







f^pli^l«ai«l|il^f^fii#i^wii|if»^^^iii#«aifiilliiig: 
iM it “ oxj*l*nMiilri^^ it ^AncyWmoMikMMM it “ oxxmipnMIfcfi 


iphaTie tjrlaucophaiie Plauccfphane Platicc 

F, CIfwitiiptiktip|iaii, F. 0PP_^pllPjip|jajj^ /r^ QI4^^p^QP|iaii^ 

ig. Hi 5)- rhombic (Fig, H#H), rhombic (Fig, 6# 3 ), rhfHiibic {M 

F. 56“ and 124®. 56“ and 124“, 56“ and IF 

©6M 3,1 + , H, = 6 1^534^3 1 ± , H. = 6 t©64i.3b + , H. = 6 t 
LC to bhie=bld®pr bloc to bmmbld^pr blue to blue^blddMor blu 
Cj®»s4j Ui^waAl tJS»all J 



^UDvi^ mp^m^muDTiM mimumuDri^ mnp^m 



as aAdaganM^iMftfl^n as as 


iW fianieanterise yallow tiameStifaiisa yaJlow iiamt: Ja tense yello 
in aeids. Insoluble in acids. Insoluble in acids. Insoluble ; 


alatusts j*iiei|ii»tiiwifc'%cMsts i»»iilifti«b tibia Msts mmdMimm 



Clalifornia, California- _ __CaIiforpiji. . 






457 


fi7L/C4r£5 457 



4 or blue, yellow, pink, or blue, yellow, pink, or blue, yellow, pinJi 



m 

08, 0.004 to 0,008, 0,004 to 0,008, 0.004 to 0,0 


erenee eolciiKler intertercnee eolarter intorferTeiiee eoliinaler ijiterfi 


^JW.loIpniBitMl# MpiwS.BpsiniBfl#!# Mrtw.tflflfimteWi# w 

mcMls, mrltls. UCliJs, 



as ^ms, as ^ma, as ^ins. 


w0^m/muDTMm Mmf^m 


t|^ii^»wMWpfc»lllllftii^»|wWM|Artil«llijfcwiiW|itesl 

10) is 48|i^ (100:110) IS 48|i^ (100:110) is 48i,» (100:1 
8 = 3.6 ±.H, -- 5j#. 3.6 ±.M. - 51#= - 3.6 ±.H. ^ 61# 


ssr IJJJIO. 


= 04118. 


n^ =SE 0.018. 





i€>liibl#e lii^tially_solub#^ii lilaMially soltiWe iii liSaOtially^ 


i«¥ its gRattaftiJEiteeW' its elifj||i*fli#«ii»efl§< its iRtjrtSf rffRirii 
ltftt}#a!W,»iii»n®ntj*{i#tli(^*i|MPXWn 

Itussi.ft- especially/ iii_ Miissia. tjgpecially m M-iissia. pyppeifilly in^ 


New SoRlfeiMfilffill. New Mo^i^liiilL New KowItelffiPftiHl, 




mklin r’lMnaftfc 0^S#iiklin ¥%mmWh. ^t^unkliii FiMfipiif^ yyys 


ioiiiie Wollastonite Wollastoaite Wollasl 

: '^P^Mlpit, F. F. t 
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5 /L/C 5 T 99 459 SttJi 


wta MkciitWfflia#i»te 

iii B4p»uiniti»fiiiliitii 

CaO^SiOt. CaO^SiOs. CaO^SiOt. 

^pa^Mffi^aif^iiiip«^llt»f%lptti^iipffii^iitrfi»lfli#i|i 

me. ishmed flauic, ymred flaaie, ie|i=reci fla; 

91*1. of Mass wcMji, of glass majoL of glass aa 

lifih tticiii. to distingiiish ttiaiii, to ilis tiogitoTi theiit. to ciiBtiiigi 
dfitMtoI»*cta:all«w£ett«*w 5 tIi*’iti»€l^fa»ri«KctI»atfcji©#fcre 
oiiii #toiia4jrfe*piEltep*tti 

Co., W. Y. Co., W. Y. Co., W. Y 


itolite Fectolite FectoEte Fee 




ly foiintL occasionany found, occasionally found, occaaifjnal 


dootpitoi^^gl^K. artoOHipacAT^^et^F. arCvHi^cii^®Pil»i. arl 
G. - 2 7 to^y S G. = 2 7 to^to 5. G. - 2 7 tottFF 5. 


to vitreous. 


to vitreous. 


to vitreou: 


mmroT/m) mmr^mmiorim} m^mmmviyrim) mtAmm 

ii«Mi^»fc#||iltitl’ ill 
:f^iii^MAktilieMp^ii^MJtflhiMttA€aiie^iii^MjtAilttiliSjii 

-iiese. little niunganesc, little maneaeeKe. little maiiga 

Ml 

of TAateo of \vateo of watee 


test for ffilfiiitves a test for mifnimves a test for oiMi^^es a 

ftlumiiniiij- alumi n um. aluiriifiiim. 


occtfilitescieality for ijeetolitetoaiilitv for ptortoliteJcMolity for ‘ 

strueture. striirture, structure. 


mene 


spoiluiiieiie spoa ufu eno spoau 

ilar_ 





o plates, to break into platen to break mto plates, to break lat 

^ = 61 #^ ^ ^ fiW 
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C/L/CLrLC 461 


5/L/C4 


aiiitj, fjiirol0-=r0Q liii-iJiK* Uij|5pjg^j=fj(i uaiuio^ pijl=pliprt;fi if 

in acids= ~ insoluble in acids, insoluble in acids, inaoIuMe 


eleavage. cleavage, cleavage. 


MMemitm^ MfMenite^ MtUmtMe^ 

lengtli, Jen||tti. lenifth. 


GMOUF GAKWET GMOUP GAMlflT GMOGP GAJUfET 

El'TOtftiJfiofletm*;; Ri^PtO# jfoilf lit* J : 

il class! pfratjc-taliralral class! {Hexoc tah edriil ela®! /Hescietabetlri 
cajMiCSiOiiissGajlt# CajAli(SiOf|esalHrite CasAUCStOfliEstilarite i 

reGlsiSiflliianGte Fe^sCSiBiaiaiiflite FeiAls(Si«iaiaiidite I 

MiiiAls(S^^4*arrite MnsAgi^^lpartite MniAntS^QteartttE J 

MgjALcSRlT^e Mg:iAls(Sl9i^e MgiAl;(SiR|iIgie 1 

CaipBjfSiililfadrite CaiFeilSMnfcadrite CaiFejCSiHiliaarita 1 

CaglrjCSiPi^oaite Cag:ri(S®ite«vite CaiCtzlSKli^avita I 


sand, s-aud, sariti. 



ttirtAWapMeiBriii !■ 







>nally blaq^cl occasionally hla oifti H occasionally blai^icl occasit 

bngciiee. iroak IjirofrioyencG, ivoak birefringence, weak hi ref i 



f MrtsMswjJrttaM ^^rnSsmU 



are: 


arc; 



are; 


ii'iGrn® 


wa»^' 

1= 5-1.3 W,. 

itecyejnjngi 

'cSiiftbk 

^^Fekfyy: 

sGrrU 


-716. 


varo^FiC 


1 t§>»#|tep«ii 

:cfelIW«W¥MffcWW»%^f6^?®ecfel>WW 


or AoWy^e^ oi k yogantri^ pool yoeo ui .4fio|yooo 
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57LJC4raS 463 




hatdnem^ hardne^, har dmesB. 

i^if Cfttafirfshp^W^^rtipi C 

piiH*MaaiM#ig^^«li#^iBiMa8i^fcg^^€ifipiiiiAMasa^b®^toii# 
SdilifrTpm^lpiMtB, Ofifidriwipai^iiMi As. usitiiiiir 'igHiisrtipiii ts. us 

wiated di^tat^plfaitoiaW dl^ii%pl^^ 

tc ancl and|*iliteMaritft and aiicte#te^arite and and^Ate^arii 
iisfad^sl. gnefci€iii(a l#ii ttglM»4 gue^tiiiCaWstidMw^ giieaselki(ati 

fftinarietj efca|w4Biidyt| variety «Aa^cfaiiffi|a''ariety alijalwlBfad- 
nil, as a detnialJiii^mdt, as a detrilaJliiUMtidl, as a fleirilaljiiiii»i 

the seeds oftitiHdfitiidlie seeds cdiMifadtititiihe seeds ufidliiadfitrt. 


fflmnoiiBBMffltaiximiRHBwmOTiOTiMifiBMttc 


group, group. griMip, 


I 


minerals i 


minerals: 


minerals: 


mmuimm mm^^uorim mmm 


OLIVINE 




m Mmmi^Mmm kmmimMim 

pIlllL ^ fIIIIK ^ PtlllL 

N«V. 3 V±,h, = = 6 ^#%f-f VV±.M. = ilf 

^mmxiweeiOikkoimtm^mwtaaMko^^cmmmfyiMdmm 

cmAWiliWiW. c»Ali 



ipiecr’ 


RVcO^ 


IffieCVl 


les-^ iniMWpp^iW®' liiJ»i«pp^4 

js ^ with -Hyktinizes ^ with ||%lktin*zes _ wilti liyEtiiii** 





km^ffd eirnv^mmkmm 

ate 

_e pcTiOot^ _ . ^ , jiaine pernlot* ^ , ^.jiaiiie pepiK 








7 ^ 7 /^ 465 


5/5/C4r65 465 


5 / 5 /f 74 r ^5 


terite Forsterite Forsierite Fors 




»BWW|nrti#^S««PiAiiwrtiasli m^vmmilimmmiMi m rtPMtpU 
-fi. - 3.t5±,«* = »?-#, = 3.25 + . = ttJft. = 3.25±.tt ^ 6? 
mMjM palft gr»olFF fiiUrifti pale griMfiltF palc grA?lll» p 

m|iwiPti»i|H«wMiM|B|pii»||^ 

a^i«ti|it|i»lteiii^*ifiiiMPtti«fifitii#PiiiiilliiMiM^^ 

§m m^cmmmmm m^r^mm 

:e eolcirsF inieriereiiee eolors. iiifcerterenee eolors. iiiteriereec 



mmmi 

it. 



^muon^ mmmmmiuDTrM mtmx 




iniltHtote^®^^^ ltBil#te*yftft^fc 1 


is 90" 


is 90®. 


is 90" 


;#6M^3^2 + .h. -= 6 t#6^.3.2±.H^ =. 6 ttt6M=3-2± -H, ^ 0 i 

iOttraiiKC, ye||«|nrliT^rnranMS, veClolnrlrPrtanraiige, ycllolorttw 

ftltaiflm C»aliKPiliti«i^ C^stf 

il|ltiiIKW|aft^l|«lttalII|»fl»^l»ata 

a% , M A Ifi rfl I r-" IW s=t% . tW- Ts |f I M ) r“ I®* % . ^9 0\ |fi fff ) ~= 


hris^ht. hriiFtit_ hrof^ht 



with HClGelatiiiltt^dth HClGclatiftiWi"®itIi HClCelatiSfiiii® 




:iciii itrsis. and by OiJiisal iesis. and by OpLlaal leSis. and l#y oyi 
flVilter^iiHiftj lirpfi|p*JbsOar%iMyrj_ BfPH^^dftler%iiwti_ BfplW 


aiaiiln. in isnlalad giains. Pj iHOlaieO yialiis. in iHoJatati 
emite Willemite Willemite Will 
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NILICATKS 467 


6/6/C4T^ 467 


6/6/C. 


pfrin^iteefii^ilg. Kkpftin^Twefliai^K. BiiyMii^iteeiliiiftf. Mk 

BiP flf||ftrep«ii*if Iftgtftre^tejawWf jfcgftre^WiiiW 
; colors. mterleroiire colors. intertcrenee colors, ipt.orferoiicc 


of the zinc 


of the zinc. 


of tlic zinc. 


tt Wf i t fiViMJj rtwawwtf ^igjv , wif 



- WiilftIIljt|^*^%HZ ftsft, — milleinnit 7 ““^Cl€i. OSS. — WilieniitZ^^’^Fio. ftSi 


bl«sJ#iitf*liiaiiife irnmMMimkMmm « 

ticatcd, heated, heated, 

nmwn^-m 




i-iiAiHii iRfitoK. i^jaiw*4u«tef • NerieiMi tartaig • jo; 
Iizi 4 i 5 v 4 tiff ' ' ' 





the 


IGl 


OXIC 


zone, ) she 


t 7 1 ilijriaiwis 

MIMORP 


ibft 










iJiiflii^MiipM W Jmi*«MnWM Iwl IfcilWWBWPi Ml 
alonilw^aftS^oafiwJDiojjipafts^iaa^cgjiiijifti^^S^e 

^iiMi||MiiMrillek^g^i4efi||Mi|jMr^i31ek^'^ta|iiii*f!KifapjfriHekt^^ 


3.4±.M. ^ 5. G, = 3 4 + .M. ^ 5. G. = 3G±.I¥, = B. 


arlttrfiirKrhittGa^ palterlM^rwliitiCiatoi patortokirKrliitiGatoi pafc 
Om^Mmmmsrn^ QPwAl«lparti|». OpKiilili 

))- AGfft j^^#= 4l^l|l00),‘ AGat ^fyist 41,111110) jAGift tiimm Ai,l|lHC 
paftiiiii^ito^^wpia®a^piMtOTn»wW«»ff«rtifciRi^iipoy 


[ioiipl€jlii^eilj*igHte«i»Kplciaai#fto*w^kh*t»itDloii*tfirf»Ww« 
rmMik_mk3it^mmm iwm mmmtk pkti^^mmmmmmAApms^^^o ririlii 


t lftilA«HiSfi^akfS|« WiJS^K«®»M®^pi^ 

III the coalsiiMiwliiOe on the voiikuMiMtM^e on the eoalii^twiartc c 
HBaii^iiii^«fflMfl»Hwgipbto^»ffl|i»iiiiiipiait^MiiMi 


fSitljnortiiflWiMMneMiitiifiiolAsliijfiiipiieifliilaiQrptiitiiiMifiiiei 

ifcpfMifiifciftirrtfcpsHmwfciiiiftoitewtwiitt 


htflllW^K«wW»#o' 



ffia 


Hcapolite 




469 


469 


siajcaraa 4e9 


^«5. m^msMM 

W^^cal !Hi^^toMl|ii^pca| 

t on Fig. 691is present on Fig. 691is present on Fig. 691is presen 

» M P^.zonecMteatigite irf pK,zonctftteatigiis iif liai.KoiiecMiEatigh 
Sj#. = iJ6 tomm SJP. - 2.66 toH.7fi S|#. - 2F6 toHFPi J 
sAifepgii^jp grt41olah . wMteri li iriy:, grefinlAjWFitecitfiA, grcfMflh," 
IacilS®6^^FrC»p^MMaiS^P^^e#I*ft-tiipMal?l®«:^tepertJifc5p 


= OFlO’ to 0^6r fi-^ = 0.916 to ^ 0.019 to 9^§^ ti^ 

pM C P^pilsi««loi«lic pUfi^dsiBiipM 






aL iate radical. late radieaL tate radio 




a§f when when tN#ificiW®»§f, when tl^aci®*! 









vr erystalsfihape of the crystalsahape of the erystalsehapc of th 


rase 


idocrase 


irtocmse 


Idcic 


teiraMsieiM#rt^» jteiTolifaittttgfi ^B ii il^aliiHiiiiish^wi i 

(miMmHmimmtm^mmimmim^mmm 


c c- c 



Htelfraici- KMraci. 6*iA>%op»iG, tHrts-Kj^ filStfcftiipraifi- mtiWiG. ««£ 
i- — VesuvittEgStes^ ft92---fi»5. - - %03ii viaiilrffta, 692-603= — I'esimmuMvesi. 692-69f 



tals= aiiitc crystals, anite crystals- anite crys 

i#. = 3-4 ±,g, = 6’#^ = 3-4±^H= = fii#- ^ 3=4 ±-H, = pi 

ihlovy l^OWIlj^lHftpppow^ jaown,^lgfcy{41qr^J>rowii,i^lafrf j 

■ =Biifa*w^waf3mC jjwtiwfifftjray 


006, _ Cl (101 to 0,006 0 001 to 0,0U6, O 001 to 0 


cc colors, jntcrtereooy colors, jjifarferonce colora, Oiterfcreii 


!T/?5 471 lfJI.JCAr£4 471 SIUCATES 471 «il.7c;/ 

gelatinizefN^OtSlCil, gelatiiiizei^:iClC5|(ll= gelatiiiizc^^tltSlCJt, 


ns 


t to applytlift beat test to applytlie best test to applytbe best tea' 


CaM. talib Calif. 


^ Y "S 777'^ - - ^ =- - - ^ ^ - ■' “ 

noroj Caliite- Orestiiiore, C blii tc. tlrestiiiore, Caliitc, tlresli 


minemls. mineiaJa. wuiiciiils. 


on 


bircon 


bircon 


Circ 


F. 

■ *tip; 



F. 

^liml dlp^crami 



n^l 



i«W)^ 

j TIH- i 


glittpii: oitllielWWtwiiFdw: oitilFi€#iitbt»4iadi€ o«tliiei€W«tPH 

m>imtm MftteiWttiitti'i wflteiiiutow< Hfttail 

btr lyjow^^ wAt ffgpJjir w%jW 

iga. (Figs, e^tw^^tic (bigs^ 


b. = 4.7± 


=. 4.7 ± a 


^ = fj-i 



IM firiFie^ 


eFrtfFme^Tif = = = s= 


= pCiilcmelTltitib^ 


imIm. 




rfdates c0ii^B^i|teui’4fl«s c«iMii^i^«i|eMs c#h^riUpi^ 
ly ii!soloble;to;M«MMlly insoluble Bt^tWaJly msoliible ibsMtiflalJ 



PaiM»hiKbr§«cfllliteHTOMttff4iigheypefilfitetlfaiiiWMghiypf«lfitjMt 


»mm in in tkmMmmti^mm in tbyjlTwiit^ 

let# fii^4ii»i!i»tiiy fi«ito;#o»fii»itiy lpite#fii«fiw 
41 Paso El Paso C^nAjply El Faso C^aiJtwb I 




origin, origiM, origiii, 

paz Topaz Topaz To] 
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473 
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377/3/ 


LO). c /= plane — (tiM3), c = plane = (CIlO), n = plane ^ (Ol 



imial iiiteaff»«itiw«|jif#ial hitcMmmMym^mial iuteat««ifciyfij| 


ajiial plantHlOJ is tiie ajcial plantillOl la Lae iucial plar^lOj is the 




iia^tiiitJ«asi^liP«liit3iih‘»iit«»tititJ#^ 

««f ftrtpWfflSegisgf® 



>Jecomposcdj^t®|^i^fwomposedj^tlfi&j}ficornposedJ|ytiifc 



tt^ad&somei^^to jj ateft^aiifcK«rnni^^ta jj jh sJi 



iwmmim mimmatimm, mmm 


isite Anrta i« aite Andaiiiaite Amflali 


iMahWdaiWataii 

(Fig. 7114). ^ (Fig. 704). ^ (Fig. 704). ^ 

(May aaflFm (May aftpjieaia 



CO' 



PF ^ „ 

jfeiflJFblii^iip«h^tiiy«i 

M.) _ 7040 _ 7040 



(4# MgsA®lrtiFPSBMteWtt’<to Assft^ft 

;e Molutio^jalt nitrate solutiQ*#>balt nitrate solutiOAOjalt nitral 
in acids. Insoluble in acids. Insoluble in acids. Insoluble 

ftCiMa^^^w * 
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iS/L/e^rEa 474 


SILICA 


Ammma0&c 




tm 


M^yanite M^yanite M.yalii‘ 

lihgiippiiliyfty F, ttl|gi«fpMiifeo F^ at|giliiOTttt*«y F. 


tp=(ip^tr 

cular 


m [ r _ .,* 

(taWtiiiii||f»it| ip'|i^f| 4 Jii 

iaillar 40 TfiC leii^tflcljeular *| 

3 .tip±. "*= 6 . ^ 3 .fip±, 

Wiiwii Wiiw:i Wtiwii upgi^fita* 

jltllMSil in spots aiicj*t»tj«st tf 

4 .pgiF- MPipy 



3 F 0 ± . 



«ts miic|_^il»lsi 

E^plito %iWl 


ts ftiic . 


tjTO 










the tftiurt W^'HWlqtbe tMwlSPi^WHQthe ti 

sp«wwwsi‘jw»w — 

e solutioiCpoalt nitrate solutioivpnaii nitrate solutioifnnaii nitrat 
Lii acida. Insoluble in acids. Insoluble in acids, Inaoluble i 

J=Js,CriwSiriji«tli5=5a KWiiii= = =mKri ni»$lislli=l 13Ws=« Si, sJJlSTmiFlJ ift 


hi 




aanite sijjimamte Hiilimanite S illin 

m w^mmorni^v m^mmsrnmme am^^tiiiKiMiiij 


#MaitaiMM foili^Kltay^ tfc fitii^KlliMlBM ifc fH 

i «it mwms^^vAm iimpgiBiliS*!* «lt &Mi*fe»tl»bi 

yparft«altelr^teiHi§iapiirprtalteij^jitti§iipiff|wrtaile 

|tff 

*WTi. erav, ciCrtMtbrtJfl'n, ||rav, €]CMMl:br<iWii, ffray, oCrtMtbn 
P).AjflatrtJ|TWi #,f|plJJ)^AjrfaPii||iie ftflMP)* AjdaPiApii# fklpt 


iriglit-. roloTs are t«i||iii= aolore are bright- rahirs are t 



lie sijlijiicpfibalt nitratcr solijiiiatolialt: nitrate eoliiinnfibalt nitri 
r m acacia, linjolublc in acids, insoliible m acida;- iii sciltiblc 


lrtfl^eraJirbMib«iflrirtflfc;ral#itiKiQ»itMrtn^eralirljjiiQ^iilii 
m in EurfllMtnric man in EurntMoric man m EuriiUftccric ma 
NorwicliiiAi^^m. Norwidtnrir^^m, NorreicltpAi^^tii, 


Dio] 


itase 


jjiopiase 


Jjioptase 



477 
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5/00^ 


parallel to r%MAw^K |iarallel to riJBaiaMe parallol to riJlial^Se ] 
, = 3.3. H. ^ a. G. = 3.3- a ^ 5. G. = 3G- H. -- 5. G 
lalfi 

pa»«itetlpiwpf^a»»ftetlpi|i«^»fiAttftgtlpiiw^« 

%iirt^4»«tp^rfrttP%lteWi»irfc»pHiiiiiie%llrtti»i 



i%Bt(HiCfJiiOaitt«fc%it(HtCiM7fl»tiHa%iitlHt®tiOfiMsf«* 
iiiHii^fHliiuolQM tfc iiiiiirteiMl«oiQtt mMmi^tAmolm 



oBt™” ■ owstoliO "T^gtals^ irioataae.^^ CTystals. 

^ ^ ‘ ^ ■ oil 





ysaflookffipMte; *tw^^Uookfl^Mte aw^sallookiiipMI^ iftM 



[te ^isite Zoisite Zoisi 





ftcalofs niiaifieftliicefteeiofs niwi^li^nccirtiJofs iii»i|iclir|iic!e 


SliriijtTiH iilll M , 


aiiomalous. 


aaomaloiis 


fiailrai fl^ifpiMfii»i#rf t||#wif^tofl»ifrifi 


i-tei»i*miatslifipai#ili»'tei*t«*MMitttitM#iiMt#tejM^wiittititTij|flrtiiJiJ 





IhiboIitasgcfflAilctoBilMboMtc^gfftiimia 

i€filt#lW%«i 



_ 








Cft# WttoiaJliMpPci&ifete AiWMW^liftllalpiciBi 







479 


479 


a/x,/C47TO 479 


jPIDOTE 


KHmoTE 


mMuotis 





rnmm^mmimMmmii^imimimamm^i^mh 

immmmrnmE j wMwaiiiitipi: » 

ftne. twiii--plaiie. iwni^plmne. twin-pi: 

W ilipilfjll^^lil^ jif P|ifjlj^^|i|^|i iiM§Mtmwie^m 

oM. ^ 3.4 to atii CM. = 3.4 f « ^ ^ ##. -- 3-4 to alfe = 



iiw, #ij#, ^ iOG, v0/_ 

¥IM, l!lp|clOt47= -TIOE. 4IJ/ — /fjp_ KpEidot^_ -T 4 O# — /iJM^— t9|i£iJote, 


tpS- tlG. TpR- 

70^708.— EiM€l«t=_ Fifis. 707- 


7i iroii prcseirtyi*-*u^7 oj iron preseif«M*»Uui_ oi iron presnimooiiiii i 
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Distinguishing Features. Chlorite Ls eharaeterized by its 
perfect cleavage, absence of elasticity in the cleavage flakes, and 
green color. 

Occiurence. 1. A secondary niineral in igneous rocks, formed 
by the alteration of such .silicates as biotite, hornblende, augite, 
etc. 

2. In schists, often forming independent rock ma-s.ses, the 
chlorite schists. These are formed from original basic igneous 
rocks. 

Name. Chlorite (kloTU) was named by Werner in 1789 
from the Greek, chloros, green, in allusion to the color of the 
minerals of the group. 


Chloritoid 

Monoclinie ((?. Chloritspat, F. Chloritolde) Ho(Fe,Mg)AljSi07 

Chloritoid Ls a member of a group of mica-like minerals called 
the brittle micas, which include clintonite, xanthophyllite, and 
margarite. 

Form. Chloritoid usually occurs in disseminated plates or 
.scales, which may be either single or aggregates. It is also found 
in foliated masses. Crystals are tabular p.seudohexagonal in 
habit and are usually twinned. 

Cleavage perfect in one direction parallel to cj001|, imperfect 
parallel to m{110}. Cleavage flakes are brittle. 

H. = 6 to 7. G. = 3.4 to 3.6. 

Color dark gray, greenish gray, dark green, to almost black. 
Subtranslucent. Luster pearly. 

Opticd Properties. Biaxial. Positive. 21’ = 36° to 60“. 
“ 1-715 to 1.724, = 1.719 to 1.726, riy = 1.731 to 1.737. 

Birefringence weak to moderate, = 0.007 to 0 015 

^1 plane 010. c A y = 3° to 21°. Pleochroic in greens or 
blues. 

Nlicroscopic Tests. Cleavage flakes are isotropic or almost so 

Inclusions are usually pre.sent and some of these may have pleo- 
chroic haloes around them. The flakes give an eccentric biaxial 
interference figure. 

Ch^^ Composition. Acid iron-magnesium-aluminum sili- 
cate, H 2 (Fe,Mg)Al 2 Si 07 or (Fe,Mg)0 AUOj SiOi HiO. (H,0 = 
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7.2 per cent for the pure iron end member.) Manganese may 
replace part of the iron. Manganian chloritoid Ls known as 
ottrelite. It is a prominent mineral in the schists in the Ardennes 
in Belgium. 

Blowpipe Tests. Infusible in the closed tube at high tempera- 
ture it jnelds water. 

Insoluble in acids. 

Distinguishing Features. Chloritoid Ls distinguished from the 
micas and chlorites by superior hardness and less perfect cleavage. 
The uncentred interference-figure of cleavage flakes is also a 
good distinction. 

Occurrence. Chloritoid occurs as metacrysts in schists and 
phyllites. It is a product of low-grade metamorphism. Natick, 
R. I., is a prominent locality for chloritoid. 

Name. Chloritoid (klo'ri-toid) was named by G. Rose in 1837 
on account of its resemblance to chlorite. 

ANTIGORITE 

Orthorhombic (G. Antigorit, F. Antigorite) H 4 Mg 3 Si 209 

Form. Antigorite has never been found in euhedral crystals, 
though it often occurs pseudomorphous after other crj’^stallized 
minerals. It is usually compact or granular massive, but also 
occurs in fibrous, columnar, and lamellar forms. It is the 
main constituent of serpentine, which is properly considered a 
rock rather than a mineral. 

H. = 3 to 4. G. = 2.5±. 

Color green of various tints and shades, from greenish white 
to greenish black. It is also often yellow, brown, or red, 
and the color is not apt to be uniform, but is often in spots and 
str0^ks • 

optical Properties. Biaxial. Negative. 21' = 20° to 90°. 
= 1.560, iiff = 1.570, = 1-571. Birefringence rather weak. 

n — Tia — 0.011. Axial plane = (100). 6 = a. 

Microscopic Tests. Fragments are irregular, or prismatic 
with parallel extinction and positive elongation. The mter- 
ference colors are low first-order. The irregular fragments show 
aggregate structure between crossed nicols. 

Chemical Composition. Acid magnesium siUcate, H4Mg3bi*G9 
or 2H20-3MgO-2Si02 (H.O = 12.9 per cent). Part of the 
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magnesium is usually replaced by ferrous iron. Some analyses 
show a little aluminum and some a little calcium. These con- 
stituents are largely due to residual pyroxenes. 


Analyses of Antigorite 


MgO 

FeO 

CaO 

AUO^ 

IcjOj 

8iO, 

1 HjO 

Misc. 

42 6 

0.1 

0.1 


0 3 

42.0 

’ 14.7 


36.5 

1.9 


5.1 

1 

42 9 

1 13 2 

XiO = 0.6 

41.2 

2.4 

. . . 


^ ... 

41.3 

' 14 5 


36.8 

7 2 


2.6 


41.6 

12 7 

CriOj = tr. 


Blowpipe Tests. In the closed tube it gives water at a high 
temperature. 

Decomposed by HCI with the separation of non-gelatinous 
silica. 

Distinguishing Features. Antigorite is distinguislied by its 
green color, moderate hardness (4), and its mottled, veined, or 
compact massive structure. 

Uses. Serpentine Is used a.s an ornamental stone. 

Occurrence. 1. An alteration product of olivine and to a less 
extent of bronzite, forming the metamorphic rock serpentine 
from original peridotite. 

2. A secondary mineral in seams and veins and on the border 
of serpentine rocks. 

3. An alteration product of diopside and forsteritc in crystalline 
limestones j these form the rock.s known as ophicalcites. 

Name. Antigorite (Sn-tlg'd-rit) was named by Schweizer in 
1840 from the locality Antigorio Valley, Piedmont, Italy. 


Orthorhombic 


Chrysotile 

(<?. Chrysotil, F. Chrysotile) H 4 Mg,Si .09 

Form. Chrysotile occurs in seams and always has a fibrou.s 
structure. 

^•=2}4. G. = 2.2±. 

Color green to golden yellow. 

Optical Properties. Biaxial. Positive. 2V = 30“ to 35°. 

1.542, Tjji — ?, fly = 1.555. Birefringence moderate 
— n« = 0.013. 
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indefinite in chemical composition to be considered minerals, 
while the hydrocarbons, though occasionally of definite composi- 
tion, are organic. These two classes of substances may be treated 
in a supplement under the term other mineraloids. 

VOLCANIC GLASS 

Form. Amorphous, usually massive and structureless, but 
sometimes vesicular, spheroidal (perlitic), or banded. 

H. = 5 to 7. G. = 2.2 to 2.7. 

Color colorless, gray, black; sometimes gj-een, brown, or red. 
Luster \dtreous to resinous, dull if devitrified. Translucent to 
transparent on thin edges. 

Optical Properties. Amorphous, n = 1.48 to 1.67 (increases 
in general with decrease of SiOj). 

Microscopic Tests. Fragments are irregular and are usually 
isotropic but may be doubly refracting due to strain, especially 
the perlitic varieties. 

Chemical Composition. Variable, contains SiOj, AlsOs, FegOj, 
FeO, MgO, CaO, NajO, and K 2 O in amoimts comparable to 
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those found in various types of igneous rocks ranging from the 
high silica content of rhyolite to the relatively low silica content 
of ba.salt. Water is low in obsidian, but comparatively high in 
pitchstone. 

Blowpipe Tests. The fusibility of volcanic glass is character- 
istic. It is fusible to a vesicular enamel, but this enamel on 
further heating is infusible, which is due to the fact that the 
water is driven off. In the closed tube it gives more or less 
water (0.5 to 5 per cent). 

Insoluble in acids. Tests for silica and the metals can be 
obtained by making a sodium carbonate fusion (see p. 239). 
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to 0.95. Refined ozocerite is used in the manufacture of candles, 
ointments, and as an insulator for electrical apparatus. 

Asphaltum or asphalt is a general name for a great variety of 
black, solid, more or less oxygenated hydrocarbons. They 
include besides the well-known Trinidad Lake asphalt, other 
varieties which have received special names such as albertite, 
gilsonite, grahamite, manjak, wurtzilite, and many others of 
local importance. Each of these has special characters of its 
own, but they are all similar, with a hardness of 1 to 2J^, specific 
gravity of 1.0 to 1.8. They melt easily and bum with a dis- 
agreeable odor. They are more or less soluble in alcohol, ether, 
turpentine, carbon bisulfid, and chloroform. The relative 
solubility in these various solvents is the best method of dis- 
tinguishing the various kinds of asphalt urns. 

Asphaltum occurs in veins usually and rarely in lake deposits 
as on Trinidad Island. Asphaltum and semisolid hydrocarbons 
also occur as impregnation of sandstones or limestones. These 
bituminous sandstones and limestones have been used for 
paving in some parts of the United States. 

The oil shales found so abundantly in western Colorado 
should also be mentioned here. On distillation they yield gas, 
crude oil, and ammonia. The crude oil on refining furnishes 
gasoline, burning oils, and paraflSn wax. 

Coal. Finally we have the coals which vary from lignite 
through sub-bituminous, bituminous, and semi-anthracite to 
anthracite. The chemical compounds in coal are for the most 
part unkno\\Ti. Coal consists largely of carbon, hydrogen, and 
oxygen, with small amounts of nitrogen and sulfur. Analyses are 
usually given in a proximate form: moisture, volatile matter, 
fixed carbon, and ash. 

The specific gra\dty of coal varies from about 1.2 to 1.7. The 
hardness reaches 2 to 2J^ 2 anthracite. 

Coal is distinguished from other hydrocarbons by the fact 
that it is practically insoluble in the organic solvents (ether, 
alcohol, etc.). 

Coal occurs in beds and so must be ranked as a rock as well 
as a mineraloid. Anthracite may be said to constitute a kind 
of metamorpliic coal. 

Coal is known to be of vegetable origin. All gradations have 
been traced from peat through lignite into various members <rf 
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the coal series. There is, however, disagreement as to the details 
of the formation of coal. 

Salts of Organic Acids. The discus.sion of mineraloid.s would 
be incomplete without a brief reference to the salt.s of certain 
organic acids. One of these, calcium oxalate, occurs in plant 
tissues and is also found in coal beds in monoclinic crystals which 
have received the name whewellite. They have the composition 
CaC204H20. 
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{e) Gabbro-auganite Series. 

The gabbro-auganite series includes igneous rocks with calcic 
plagioclase and some ferromagnesian mineral besides oli\rine as 
the essential minerals. The absence of oli^dne distinguishes this 
series from the olixdne gabbro-basalt series. 

Gabbro is here used for an oU vine-free grained rock consisting 
essentially of calcic plagioclase (labradorite or bytownite) and 
augite, hypersthene, or hornblende.^ The gabbros are usually 
coarser grained than diorites and the plagioclase is often altered 
to the mixture of minerals known as saxissurite. The pyroxene 
may be altered to an amphibole called uralite. 

Varieties rich in hypersthene are called norite. With increase 
in the plagioclase content the gabbros grade into anorthosites 
or labradorite rocks, which are sometimes used as an ornamental 
stone. With decrease in the plagioclase on the other hand, they 
pass into the p>TOxenites, igneous rocks composed essentially of 
pyroxene. Quartz and orthoclase are present in some gabbros 
but such types are rare. 

With decrease in the size of the mineral grains the gabbros 
grade through gabbro porphyries into auganite porphyries and 
auganites. 

Auganite. This recently introduced term (A. N. Winchell, 
1912) is a useful one for the dense equivalent of the oli\dne-free 
gabbro. Auganite differs from andesite in the fact that the 
plagioclase is more calcic than AbiAni, and from basalt in the 
fact that oli\dne is lacking. It has usually been called augite 
andesite or oli\dne-free basalt, but the first name may be used for 
augit e-bearing rocks with sodic plagioclase, and the name basalt 
may then be restricted to oli\'ine-bearing rocks. 

Leucite and nepheline occur in certain rare rocks of this group. 
One t>"pe, leucite tephrite, is abimdant in certain parts of Italy. 

(J) Olivine gabbro-basalt Series. 

The olivine gabbro-basalt series includes igneous rocks with 
calcic plagioclase, oli\dne, and some other ferromagnesian mineral 
as the essential constituents. They contain less silica than the 

1 The distinction between diorite and gabbro is based upon the character 
of the plagioclase rather than upon the ferromagnesian mineral for it is 
known that in many subsilicic rocks hornblende has been formed from 
pyroxene at a late magmatic period. 
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Nepheline and leucite occur in some rare types of basaltic 
rocks called basanite. 

(g) Peridotite-limbuTgite Series. 

The peridotite-limburgite series includes feldspar-free igneous 
rocks with olivine and pyroxene as essential constituents with 
their glassy equivalents. They are very low in silica and 
alumina and consequently high in lime, magnesia, and iron oxids. 

Peiidotites are grained rocks with oli^’ine and pyroxene, but 
with little or no plagioclase. They grade into oli\Tne gabbros 
on the one hand and into nearly pure ohvine rocks (dunites) or 
nearly pure pyroxene rocks (pyroxenites) on the other hand. 
The pyroxene of peridotite may be augite, hypersthene, or 
enstatite, often an intergrowth of two of them. Hornblende is 
sometimes present. Common associated minerals are mag- 
netite, ilmenite, chromite, and pyrrhotite. Garnet, spinel, and 
native iron are also found in peiidotites. 

Peiidotites are seldom found in an unaltered condition but 
their alteration products, the hydrothermal metamorphic 
rocks known as serpentine, are very common. The principal 
mineral of serpentine is antigorite formed at the expense of the 
oli\Tne and pyroxene of the original peridotite. 

The peiidotites are usually found in dikes rather than in sub- 
jacent rock masses. This is one reason why the petrographic 
classification of igneous rocks should be based upon texture rather 
than upon geological occurrence. 

Limburgite, the dense equivalent of peridotite, is a very rare 
rock type and is mentioned here simply for the sake of complete- 
ness. It has been called magma-basalt. But the term basalt 
should be restricted to olivine-plagioclase-augite rocks. The 
limburgites contain phenocrysts of oli\ine and augite in a glassy 
groundmass. Augitite is used for the corresponding rock with 
augite alone. 

OTHER FELDSPAR-FREE IGNEOUS ROCKS 

Other feldspar-free rocks include some rare types in which 
the feldspathoids, nepheline and leucite, take the place of the 
feldspars. The leucitites, as the dense leucite-pyroxene rocks 
are called, are abundant in Italy. 
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of two or more minerals such as graphic granite (quartz and 
feldspar) and perthite (microcline and albite), the variability 
in texture in different parts of the vein, and the presence of rare 
elements and rare minerals. 

There are pegmatites corresponding to most of the known 
grained rocks but the granite pegmatites are especially common 
and the term pegmatite without any qualification usually refers 
to granite pegmatites. They are veiy^ prominent in New Eng- 
land, South Dakota, and southern California. The following 
minerals are found in granite pegmatites: quartz (both ce-quartz 
and ^-quartz, so that the temperature of formation was probably 
in the neighborhood of 573° C.), microcline (the common feldspar 
of pegmatites), orthoclase, albite, musco\ite, lepidolite, tourma- 
line, amblygonite [(Li,Al)(F, 0 H)P 04 ], topaz, beryl, apatite, 
fluorite, columbite, garnet, andalusite, and also many rare 
minerals containing such elements as csesium, zirconium, manium, 
tantalum, etc. 

In southern 'Sorway over 70 minerals, most of them very rare, 
have been found in the syenite and nepheline syenite pegmatites 
of that region. 


4. PYROCLASTIC ROCKS 

The pjT^oclastic rocks are the fragmental products of igneous 
activity and their consolidated equivalents. They form a con- 
necting link between volcanic igneous rocks, with which they are 
usually’' associated, and sedimentary rocks of mechanical origm. 
A volcanic ash worked over by water may form a tuffaceous 
sandstone. 

The pyroclasts are formed during the explosive activity of 
volcanoes and thus these materials are often found interbedded 
with lavas. The fragments may vary in size from very large 
volcanic bombs through lapilli (from a few centimeters to a few 
millimeters in size) and so-called volcanic ash down to tha 
extremely fine material known as volcanic dust, so fine that it 
floats in the atmosphere for hours or even days before it settles. 

Consolidated volcanic ash is called tuff and consolidated rock 
of coarser fragments, agglomerate. Tuffs and agglomerates are 
common in volcanic regions. The older tuffs are firmly con- 
solidated and on account of alteration often may be distinguished 
only ^ith difficulty. 
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quartz is undoubtedly the principal mineral of sand but rarely 
does the sand or gravel consist entirely of quartz. The common 
rock-forming minerals such as feldspar and mica are also foimd 
in sands and in favorable places where there has been natural 
concentration we have heaA^y minerals such as magnetite, 
ilmenite, garnet, zircon, rutile, tourmaline, and occasionally 
diamond, gold, platiaum, and cassiterite. Locally almost any 
mineral may occur. For example, on the Hawaiian beaches 
olivine is the only common mineral of the sand. In the arid 
regions of certain parts of New Mexico and Utah the dune sands 
are made up entirely of grains of gypsum. On the island of 
Ceylon there are found gem-bearing gravels "with such minerals 
as spinel, corundum, garnet, zircon, ilmenite, monazite (Ce,La,- 
Di)P04, and chrysoberyl (BeAl204). 

Consolidated 

Breccia. A rock made up of coarse angular fragments is 
known as a breccia. The fragments may be quartz, chalcedony, 
calcite, or almost any mineral or even rock fragments. The 
cementing material may be the same as, or different from, the 
fragments. 

Conglomerate. Breccias grade into conglomerates, the frag- 
ments of which are subangular to rounded and are due to 
mechanical wear. The pebbles of conglomerates usually have 
been transported considerable distances, while the angular frag- 
ments of breccias have been cemented before much mechanical 
action took place. 

Sandstones. Consolidated sands are called sandstones. The 
grains are subangular to rounded. The principal constituent of 
sandstone is quartz, but other minerals such as feldspar, musco- 
vite, and calcite are not rare. A sandstone with appreciable 
amounts of feldspar is known as arkose. Closely related to 
arkose but containing in addition to quartz and feldspar miscel- 
laneous minerals and rock fragments such as bits of shale is the 
rock known as gra3rwacke. It is a kind of fine-grained con- 
glomerate. According to the character of the cementing material 
sandstones are classed as calcareous, ferruginous, siliceous, or 
bituminous. On account of porosity fossils are comparatively 
rare in sandstones. The calcite in calcareous sandstones is due in 
part to a recrystallization of the calcium carbonate of calcareous 
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build up hard parts (shells or tests) for the support of their soft 
tissues. In other cases the organic matter of the organism itself 
is preserved and this accumulated material may form a rock. 

Limestone. The most common rock of organic origin is 
limestone, which consists almost entirely of the mineral calcite, 
usually in a massive form. While often apparently amorphous 
it is really microcrystalline. Calcium carbonate is present in 
most natural waters and is secreted by various organisms such as 
molluscs, brachiopods, echinoderms, bryozoa, corals, certain 
sponges, and some foraminifera. The organisms just named are 
animals but some plants such as algae also secrete calcium car- 
bonate. Most of the limestones are marine in origin but fresh 
water limestones are also known. They may be recognized by 
the presence of plant stems and fresh water mollusc shells such 
as those of snails. 

When the organisms die, the organic material decays and there 
remain the sheUs and tests and other hard parts such as crinoid 
stems and coral fragments. They accumtdate and are more or 
less broken up, often ground to bits and thus form a calcareous 
mud which on hardening produces a limestone. 

Besides the mineral calcite, sedimentary limestones may con- 
tain dolomite, quartz, chalcedony, and such minerals as barite, 
celestite, anhydrite, gjTJSum, siderite, aragonite, coUophane, and 
pjnite. These minerals occtn for the most part in seams and 
ca\'ities along with recrystallized calcite. 

Varieties of limestone are based in part upon the character of 
the fossils present, e,g., crinoidal limestone, coral limestone, 
nummuUtic Umestone, and shell liniestone (the shell limestone 
on the coast of Florida is caUed coquina and represents the first 
stage in the formation of some limestone). Chalk is a very fine- 
gained porous limestone formed by the consoUdation of calcareous 
ooze which is made up principaUy of tests of foraminifera. 
Though chalk is apparently amorphous, microscopic exammation 

proves it to be microcrystalline. 

Depending upon the impurities present such varieties of lime- 
stone as siliceous, arenaceous, argillaceous, and bituminous are 
recognized. These show gradations toward cherts, san^ton^. 
shales, and hydrocarbons respectively. A limestone that 
take a poUsh, whether sedimentary or metamorphic, is caUea 

marble. 
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the ralrium and the {<uU>titution of maicneMiuin in ite pUre. m 
ralletl dolomitizatioii. But in Home raMW duUnnitic limeMtaom 
have i)een fonned by the replareinent of linieftone after it wa» 
uplifted afxive the sea, sometimes by the ait«*nry of meteoric 
waters and sometimes by hydrothermal solution in connection 
with ore deposition. 

Chert. Most of the compact n\assive rocks made up largely 
of chalcedony and known as chert or flint were proltably formed 
by the replacement of limestones or shales by means of siliceous 
solutions. Although radiolaria, diatoms, and s|)onge spicules 
doubtless have contributed their share of silica, most of the 
fossils present in cherts were originally calcareous. Some of 
the cherts, however, may have been formed from radiolarian 
ooze. 

Phosphorite or so-called phosphate rock is a sedunentary rock 
composed largely of the amorphous mineral collophane, a cal- 
cium carbonate-phosphate. The associated minerals include 
dahllite (the crystalline equivalent of collophane), calcite, 
fluorite, gypsum, chalcedony, and quartz. Although the pho*- 
phatic material is in part of organic origin, most of the phos- 
phorites seem to be replacement of limestones as fossils present 
were originally calcareous. 

The high-grade phosphorites are u.sed extensively as a source 
of calcium superphosphate, which is employed as a fertilizer. 
They occur in Florida, Tennessee, and al-so in southeastern 
Idaho and the adjoining portions of \tyoming and Utah. 

6. MKTAMORPHIC ROCKS 

The third great group of rocks consists of those which though 
originally either igneous or sedimentary now possess characters 
that entitle them to recognition as a separate group. New 
minerals or new textures or both have been developed by geolc^c 
agents such as heat, pressure, or hydrothermal solutions. The 
term metamorphism, though sometimes used in a broad ^nse 
for practically aU rocks except the igneous, is generally restricted 
to changes brought about by hypogene or deep-seated 
acting from within the earth’s crust or outer shell. Used m thw 
sense metamorphism excludes weathering and the repUcement of 
sedimentary rocks by solutions of meteoric ^ater. 
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fonnnl by dciwvndiniK swlutioiu* “necondary.” This, however, 
is not the original use of these terms. A primary mineral is an 
grigtnal mineral and a .seeondary mineral is one that is formed 
Mlisequt'ntiy. The ambiguity in the use of thewe words may be 
avoided by the use of the terms h>*pogene and supergene intro- 
dured by Ramsonie. A h]rpogene ore or mineral is one formed by 
asrending solutions, while a tupergene ore or mineral is one 
formed by d«^<rending solutions. The temu primary and 
serondary nuiy then lie usetl in their original, ntineralogiral 
sense. 

Hypogetie and sujiergene ehalroeite may iLsually be distin* 
gutshe«i by a careful mirrasropir examination of polished surfaces. 
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IBItflfK l|iWer,Sul>^iWB|«H^ luMqwSub^kWBBfd^ ta(Wer,Stilv^pil 
Itrifteti^tems, AdOTifliAiflfeii^ttayS, AdsWtmiHi»lipt*405, Ad«M 
Adauii^^mili^t^l, Adam^^MroliptWl, AdamiMipS 


nal croE-s=se^o^«sagonal cross=se£sio«eaagonal croas-E-et®o«ieaago 




MTr0NmBMmmmisTWNBtE)MmAKmsTiTNa)aj^mmBu 


i^fflMliByijK:5e4, KesmBMl»ci^364= Kea 

p|Aei #g ^ip£ 3arfonMefieW^ei#Wi|#E 3a(lxJriite5ewlfcoi#»»ipz IfrtoriiiArsif] 

.omDic croSS=sectio4^ Mhomhic cross-Sertioa* Mliombic cfoSfi-secfiCia^ Mb 
kfftilmkppt ttfapirblMeflva.^jAl»ji4:£i ttSMpilsffleavbfllilAtajipi bfajiriHfiileaaj 
l^fHlttiij^-eiliMS. Adaift^tHatbzqleS-SCL AfiMi^MRleHttfc##eASfi_ Aclaij 
lntttiipliJ*ll|tBZTO-451, .-»n|MntAMlite;-ij|jA51- Aia tltebhjilftKiijjj .451. 4 

imi™MBirtiaBc.p. arniisMHiiimitfflBr.p. paftnsMaBwaaiiMc-p- iw 
IMMKBB, IpisilblaaibipKBMMlffB, IpiaMRbJtm iAKBEMttMIiH, l|flrfltt4JcaibiaBLi 
tt«K«BtBpBB6|iailfl3WlfK«Bl«pBBppaaa3®OWMBMMBBppaita311 
iplMiaititPf.:fi%ri#6* Oatfl liKgAMAi triejWQigfl, On^ |Wffapti tf^fya|pi». On< 
itwii^tte, pj. 484. Jf© tUtaas^Be, p. 484. A© ifltssi^itaj p, a84. K© 4 
t4p^sgpA4I&.aI14rpEi4r®4»«^p-i4iHlj;ilI'erfMi4riB^^iipjAlflaalF©rfi3iiiri3 
ira mp litap p a A3 1 1 24l!ris fHranpIlitlp 'Ij a ad 1 1 24Rris Hif enKiH tifi p a 43 1 1 24Roa fl 


mrm crciss-sectian-i, sipiiare cross-secficim.p. Sqiiare crciS»-secHPa-a. Sfi 
448. lA’TOjCpBeipHHllp. 'MX. F%a©a«BgipgiB||p- 448. ©vroXi 
fti^Wwitej p. 474. NoAtaMi^ite, p, 474, NciMmtMlmMmi P- 474. An. 
SBsiihfTlitpl pi pi MP.fliftitaft#^Pyilite pi 6iif.iiii3oS 

iMfilTK, p, 446. MftiiMfflfipTK, p. 446. MoBcftllfaiTE, p. 446. Mons 
CA8Si«Hilr^spaft34. CA8aiMIll«pitra34. CAafiillBMK4*pft©ll84. i 
ipiiaiteie|i 386. AdaiiiiMiEiMteEAi, A89. .ddaiiCrAtPitepfi- ASy. Ad an» 
M«l«IM|iiaA44Mt©iriMOIWlW#«4d*lt©iiipItiliplM|i^#4AfteW 
hl®n|:Ash}T,p p44WJiiitl4risiiitIaaf*sh| i.p pAlfljiii AMsriMraiitbsh|\p pddttimdaisni 
lofidlapItate^MeAjAcBlai; loiMiipfcta^ieppAijla; loldrppi 
DMHefflliASE, p. 42S.OMH««jitSE, p. 428. ftSE, p. 428. i 

im«S»WK^ p. 444, p. 444. W^MSBEE, p_ 444. 1 

RaililB#piitiMWiJusMEtallit^aiiiH|ipitiWjJusMi4aIIiiiisrtilHif|iitiB»yiisMEtaiIid 
&Aiilfitfc}ip.F4<MJriiiMsifcA'^litte-Yi-i.54C^iiiiAMifca^Bth;pp_|Atmiiiilkisrt 

iMp**igP , iAMm al pBrEsi fci®ip**p|p _ liHEi a I EorfisiE . MWlual HftrfHds i1 


i Tag p nal crps-s=sect»nE eaa.go na 1 cross-secAiHelagonal cro&s-sectfcnlTe 
ftHAAl®B|vp^4-lCi. 1 in | A WAalqlBtpapPliJ. I m p**f ftAPlilBaiimp*! 11. Imp 

B^^L*p. 466. No p. 4SE No cltB^^E, p. 456. NocW 


mmmp mmsm 

AdaSl^mUmhMt&)S^ AdaIfCft¥S!iiei,«tf303, AdalllW® 
m^asiUii M- iiiiAftsKKffliteiiBiiliii. Ill A^altti; 

i^omamMmiiMtt4i2. i^toiii»iihiiekiiitt4l 2, s^mmi 

m, p. 317. No mMmm. ». 317 . no eiMsaz. p. sin no «ha» 

PtfbrpliMiye iMPrtWpMyitflirHblfcfAlo ilPf^WpflPtflirtihttSMe 
triteiifitoliN AMmmMmteiiimtsMA AtMMWfii 

4 Wi a i Wi 

p. 434- TprliiiiAlPlte^, ji. 434. XritkinillJtiite* p- 434. XricdiniAiMie, 
j p. 4S*L TricliiA#piitft, p, 48®. Tritdirilpimitej p. 48®, TiielMl«iit# 
r* pt. 3173. Mwiio A^ii ite, p. 373, i%foiiCi«llitttei Po 373, Msjpci^lMMtii 
ip XfCkiitaLlfflMpSpfWe la Iff Wm. 3p3stnl4teiite^W*«Se 

i-l»rj|p|it3f#;41 r-MJi#^XWl#®ti|ihiiil34l afcNfirtt'.Wltlflilipliifliil 
fciiPailP.sm F|*#*in«iiltNiP. 37®, p«#tpii 

tiTflcpi^liiiiifSO cJ^Pfiltl®®,ipotif^SiBi#iC* cWpfflSIpjipefii^SiriiePO oHiPfMttli 

clase, alase, clase 

OflMJiB. p, 428PI*liMflMiiE, p, APSPMWaflJiASB, p, 428PIW»i 
rljji|ti#7S, AfJaiTMnilHi|t|sjMcif7ci, AdaiiMa*4gi|flijlt3f7P, Acl,arjMft«lM§i 
p, 514, xvfr,iiopji|j#p.e, p, 514, MonoWtIiiiHej p, 514, Mopol^Hit»e 
ilj»j p, 403, 5«iri|tMlite, p, 403. 4l»aftiiiliite, p, 403, 5ilfif»« 

pins, 1. Contact twins, 1, Cont-ac® twOnS, 1, Cpntacit ti 

piliiMiii, UsiiaUpRtWlftbndilfimn. AwialhAllMtednldTiiiin. CsuaMpftCMtbil: 
itippjloA TwArpiPttitfc piMA Tw-AtpiiMiit©, plWA TwTAlftfciBi 
Twi ATOIA^ p 1 oaf . TwiATOl¥B^fl.lOiA TwiAfliai 
m-mmm, £AeC»*Al*Bf-fO®56. KeeCMlA^arRJtSSO- SaoCia|#;l 
I®Bia^np.^l.CASSTOM^iW-^*=C^STORia®4B-:M4C^SlI 
iSlTBOpaKfcs, ^^MSITTOpii^n, C^t^iTBOpa«fes CipHM 
bfryl, p- 344, Natyy~B Bh *rwl, p. 344, ESttiyBa^cyp p, 344, Aapyla 
iailJ,Mj-57ainf«»ira«Jcp.^K57^^«iwi^p.^p,57lSppMwiii 
p, 479, ScBFwOOT, p, 479, SeEPwO^i P, 479, Se«P»0 
SMBm]8#4t luttld©raaHM«i^l Wit lOONGSpSOM™] WE i oflluGAMSi 
BMN»W p4MWOKmi|B«®Ex p,iae»0*«BI^MW flJOO^OK* 
imtmm Wt4aAMio»acidMttoo«ieMiQM 

mmr atoiw ,^*,.,iiaemwECTnaS.l itttw .™-ainemtM5jj .-^..-uaamWmai 


[STfwNmDmmmimLSTWNBiD^BamLnsTimMBjDMmmiim 


mmmMsmTmi pnaife Cksmibsitb; pnaHs. cebmibsi™; pfipii. c 
MOiLpMlTE^ JMHMQ, TMMMITS, pOliCl. T 

MlQRQmiMB^a)wi*3I- MlOM#^lMB,aKiA31, Mieil«MLI«»^ip;i43L 
0 *MaCtoAfiByjp:M 2 K. OMTHttCtASBrip;ii 428 , OKWH^liAS%i|pM 2 S- ^ 

mmn-iAmi. s** FRymrapwi- seaFmmnMmi. see f: 

iltatippiitej p. 434. No cittaiiBpte^ P. 484= No cftawappite, p. 434= No d 

i yinnit lictic tw iiiii ing, sHMya p iathctic twtiiaiag, slWgt^ntthetic twinning^ slM 
ftfiOTOite, |1,1*}7. TwiiApgDoitej |11®|7= TwiiAigpnait#^ |i.I«|7, Twii- 
iA»INB, p. 384= Verv BANprB, p= 384= Vorp BA«|TE, P= 384= Very ! 

aifioiiiMM^iiaBiitoi aieionatiii 

BOiiwiB»ii paiiific_ ooiiMWMiiii paMflE= mammmmi paWfla= ^ 
mmmmfmmm mmhommmmmmrnmi rnmhommmm^mm »di »»£ 

(liagoiiols. cliaE(mal3= diagoiials, 

SiJOT^plIlftF Set: B#im^.pl«F See J3paW^.pll28i= Seel 

B^ie, p= 336= See Fig.mMle, p= 336. See Fip=MgIe, p= 336= See FigJ 
SWMWiaB, 141383= SMAfcBMTE, Iil383= S™A**»irB, t4lM= i 


M*BBTomF«m«M=TWHMiiTomiBmwwnwMiifiTc»miam»wi 

P ittPii^eNiitmteEefirtp AMfi^efc «.*liitc-3.e-ifffcp A gymtcEecffli; 


ics 

FieJ 

HiMfk 

Idei 

UlMkE 

Me, 

11 fix 

a 

ai^^piliiFR at ibKfealiitli: 

i«gp(MiW4avage 

IMiS at 

FfejRdMiavagc 

tiilB 31 ibJfll 

TO 

Plttl: 


coiiB PlaaB= 


knife blade. 


knite blade. 


i 7 i©ssSI’ Lotoj- sp 

WBjfflNoFage 141 tm 



l=»S^*»Oi= 

%g4eiFag-e=m= oii&^^WHjffiNfllkge-in, onSs 

IMxKB^plhKlW eaJeiiftfUtJMlK^epiiatki calcttWUFWllK^KpiBlwJ OfiltdlJ 

«OTl«p#-c«ftiaKemto«€HBtep*p*fi&aKe:wb^«ei^P#=c*»iageW 

=Or==^S^4^f4 47i4€=4e J. l^Ifl fill 1^1 iOOFt4r=iiN=3F X kO= =3^21^^34 47^ =FF- AE 





lAriMi 


*ftlea\iage= BE^SlJ ji_2^Bl€si’iage-,BERyEt pEBfittleAMagci_IlEEiXTJ pEl 
3^®clea3Ea.^capHlifcs ^>l^cle4«ia^eap®ife= jScjiftelitmPaipcapHliffej p« 

jiglPiS- angles. angles, a 

amap:ap5TOumMAiai«agipraMCTOmMAlilli»pp:a®CToraMAM 

EteATAnm ofijI^fimMiefelfteATiinire: ei#pi«|aM^^:^e47ttniiji oAAsitf mMet^ 

cat- alcmvagc. feet eleavage. feet cleaerage, ! f 

filiallg: graTlIaifiifcpp* Wllialb: gray idisifcpp, WiliaJlj; grajEnisifepp, If 
ipa =:®Jpale B^^^eJsiffeirpy-MJpaJe ftlte^ateitilrpy^Mlpale 
Bt4I«e,|ps»KKnoC3||Kt4fftc,g«yBEinOff3f|atAi«e,KW*ED:Mff3ll 
cPflletiiitiL tllAfes^fiirj pSarllistineP pfim-liistiact, cI^ir^Bfcj pS 

NMEage iii-taia^^^i€pl«fage in,iIiM^*^ffpl#tfage 
W|bnleaea.^y*rft^ ^^MbnleaTia^yBiflr^ ^S«ifii;iEltaipa|®g*iat^ I® 
ftiBirr.-foi . , iaiittl4|iiii*®#J-broa;r%, , ®i|:l-rbr€*ian„ , iM amApl iji ® 


tpiil|tticapagitf caJitiJMtEjpfltiiW^ i 


MMlBt ^sl^SBlTOOTRiellMi feiBlmSEiajIlMMKnm |sisl«ii SBl®Ma 

^csJtaAifcCqiK 


tjijtpirtil ilfeaa,:ag ^" difya Ifiit#g 


cTuiiBmOTHBWwacTTmMmsrmBiaaKiiCTijMmmisr^Bi^^w 

gBfltjhgllAryrafaefi^M^ araHtflieHiby^teea^ite' mmAtth. emfcy irafciK : 


Meijiiiaka 


Be 





:i«taatca. , , mepcilefip. tipRtaste., , , megitepp. Mewtaste:, . . iMepatepp, B 
ja«^_ pccuQ^lif®f |Ip^Mr, pccura^iSftiPll^PE ppeu®^lB®i|I| 

teje pcpui; Wfiur ppeup 

egfc»t . cleaySBP iaai fe. Jettort clpay^gj aai fe, f^fi^xt_clparwmiAiM^ lE 





; 


[life oieae^ eoife oiea^= 

SpjrgwiAlaty orjui 


seams. 




seams. 


i«mi 


seams- 


seams. 



miit e blMat^= m 


smiiiis. 


.jpmMmyjmumi 



iOmrEaym^mm. . AjiHOOWmipnioft- - A3l®ftvM»:Miii««. ^ A: 

^p^aftftjySeel. - _ . Pn«Jmf«l|iy.fefil. . . AAM7p-»0C|jyacL , . , 

Isllisipflfcr wMi- zp^yftille,1psi«i%r pSk wkk iqpiiiiftiii 

loiitelipckfikie-. - Mfift Ba Mrtiiltepmeftfime . , wio^^prffielipmfikKP , WoBai 

cte«ap 

kiitky ]miklt|iitJrpJiijii|^l^ltl|i plPaiiaorDiiig iltM ^ztiii potpliinorpyiiSillMfi 
iiiil|if-sprrlltl®s jimii®tAiiailkisppllJ3®;ii prPZfitftAAiiilfejpsiiftflis jirji|g®,*ii 

lA ilftaaipate kkiC«l«fctftty ||ttiSlipak JiyiCMsitftep fif taftSpale kiliCklaiti 
caEw»rpi.igfBpri miiairc»*MrfJiWfc*ai auii jffi^iBrfkWfeen mmM 

te^ MctM8kbroj.vn.iilerfkiliij ’pelMkkhroa'B. fteafUtes 
la£tir|i|fk3ifk%iTi st M a^i iiini i tPaw k Ittthwp- st ilfaMwifcii dSaffk^i^ir iz 

yemEeaxy^ . , |kia»*iyiAcy, . BAmlBj iJeiifilimMF . . . «**!! 

Ifc prrtjflfjyallow, _ llillfefit% krttialkellQW- _ Millaritk, jtrtWjjyeilQW. . Milftri 


li*tei ■rghlfie^Ma^atiiPMriinhyi ar Mi ite ij^,drotiitiMid ifcjn ariibiiraiMa a^taiiiH 



ji& 3 l 3 fiw.»KeTm 
Cray. 

itage 
I tj> a BflkpgK 
tpai «5 

brown to black. 


M^t^i^jacatapwRexaetoW^ 
gray. 

tijcksa^age 
pa^ 

O 

brown to black. 




luBwaaoi 


brown to black 

liemto4i|Hy487 schi^te®3ftiefflteb^bT4li¥ sc 

pjs 42 lly- broivnidoiaaae. pattlflyr bro.wnI 
mTOdibrBMi strHBWtfTgTOdifarS^r strH 2 m^rt^^#r 8 aii strH 3 


gray. 

pibw^bififage. 
cbc^&i'ap.e 
paififi ^ 
yqieiaSW 


eli»B 


TOW 


mm 


•OHM 


kciaa 


mmMcawwMm.w^^mmDcaw^^m.wm^mmncam^^m^w^m 



a®ecwir^ mtmmm^swm§F immmm 


blatle 


kriire blade. 


Knit# blatle. 


Kliit ft 


leavbge 

gtoiie= 

itirrffti:, . 44e^A| 

brown _ 

rawiticany^-BA: 

reiEb®et»w: 

lm$m 

:asai 

o®i^ 

am«c 

iP^lift%#iaav*%fc 
J#® rfi-ift ,qj^^«p 
stone, 

browii. 

|MiiMrllieatvir_- ttib 
^T»Keipct»PO 

mm 

wmi 

MB, 

amMC 

MrBrftlli -ci|j^3*C §4 

stoiie_ 

elferiftfc - 
brown. 

lawp 

MB, T 
B»»Oi 

|e*afc4|f # dn ntoai^TC anfategafeaMnOfliMiftfeEg alad^fe Aiii 

B^aAipIbiiiAill 

ijfjci#! _as- mclCftl 

iMsiiKj U#d i ist it E 

mrnmfi 

iaystttrj 

i«ai 

e^toiit*i|ij!ii«#iB 
,f|lifdf#l mdt* 

Bfa^limiius i itE 

itgrtfs 

CpfWfl -iis- tiitifeW 

^m^mmmarnpms 

iffiAifl 

f^#Bi 

^mm 

1, 1, E 

bade^ falife Made, iBitfe blade. Knife t 

KSaally i-rleaiUM 
ifilMlly-iri biaaiB 
tm. BiMbstoneE.Aj 
I i*|ifiosphbri±«J 

Up rciftiiii,! id i fc^ia 

K^ra^AwEii IXM 
HIBe|a,13MbbjMdl 
CtpfcffinBnfist 
(MiT-Bf pi 

C| ! : : If I l 

rfl^iaJJy c-leartiK. 
tifjdMIIydri battit; 
i Ip- BnfrntoneE-JlJ 

"'= ^ WA 1 - -- rt = - ^ Z - Z ” J_#0 

im 

zltmually, cleaiiliB- 
I'BiaMlbv-in -hittit; 
i ~m BfiifestoiieJiAl 
3 1 IS -iMioso ho ritwj 

fUfeniCirl 
t«t4, t 
LQITE, 
iiitm j 

lf^rditi3mJik#®a 

lJIlliiepilai^e^,A 

OTWBj pltM&p 

laiPii 

JMmM 

9i«i»d 

TBiasi 

apprdMISiri-likJtta 

[Hilif fS,l 

ftsf 

LXWKKi pitaiap 

Pfcflittt 

fftWT; 

moEi 
srtii*, t 
ITHSO 



B»aaJJn- cleawjMdi&tfo^ftSttjaUj" cleaB^^nd«:pp:it=lfiaftiaLIn elcaftjBi#iB^#ipj 


asjiK] 




LddftUly .gree*TeihHi»p ttiMfeJly .grbeiTelbBiAp ji- stHUly -aree*TKijLiiii», 

smrnWfm MMi»eBBffla®tpa MMiM aBTOHiam^ 

BftWE, iDa^SM^^EEftME, ME 


sbt jjK iijiia k 










fe olade. 


knife blade. 


naile biacie. 


ire i1 


prmdb d> di W 

-Kri±\^ cA^MW^Wim jira v= clrtfrWfjiwfrt *r|iv 
1 tlu «jl ^-4 1 ftu Bl 1 fir-4 1 ia i 

itj*ppft«rttilr5 jmIi‘i^li|oiiljiB|tprt3H|;!es JVili:||Jg|oliita|i|Jr<3tifc £M.lc] 
!t|(|WiMfW4.!lr pa||ll|g*|3rM4fpvil64i4K paisnJilMtrtrcpviSftailK pal 
IpaSltowii j^^MmVrnApvmmjiKn .m^^mrmikiy^mQWJi - 

p. 353 pittOM BtiiWB, p- 353 pglitflf M iAME, p- PaPpsttlf; 



\Ai38«aaAp; 



Aei33liea%p:,. . . BAMiEJfl, 5jei3»*ia’ 


rrp:-. 


BAltlE: 


at Hack. - - - MtelitTi»Bj pt«aA_-- . . gteMttiaJ pngaa- , . irtelil 





OTiWTomE m wmi^wwTuME ^ «mibi«pcttjiie fi «mii 

lh&lSrt'*®*SatCtt,tdrte IptaftlBl® Bftilatcttftlrte thto aageift B*tiatcBeCirfcm 


^4p|:apliiJ lavlaS^Mrp 

-t|}i«tttppiaip, . 

li^iprRlwrvsta 

nitiirpMMfi. ----- €3 
iC^CfatHiltlr jaate 


filiflHliu me JafiHiiitlJikkrfrfiftiiiil 

tail>r_t-a-st-e. - - 
ipelpl 4 rystalj 

Gpac&dtilrpeififlft, - . , . . Gr: 
Wltxl.tilie;,CpMPifMk -i.mia - H 


meluSlItBP 

Itltf #r, triafia - . 
ipeiGtoBiallifiCBSl 

_tE|rp--i|3iB G|a||ca 

itiatai aCjociltiit; taste- wjtiata 



te blade. 


knile Dlaoe^ 


imi te blaae. 


eni 


4 pTiifffi g: 



ISftbofcMhhed ml 
KOTBf Ip aSltf h a rb 

qijUBTiivi 
rpeaflMm-lim 
ipptliroet eJca 
I biiiltW era v_ 



l-ialfllJKtastm - Bn 1 ftiG t iiat 

iS, liffiifftt GL^S, pldifftt. , - 

i^]pr»ia. . coiaiaHifipbfrasa- 
fCllJlt I ftflft-f I |i :d- r-d Gft^E^SpljiDflflfijrietl nil 
: pi aflWtl mroj#^® OMlCfBepi sa#M i are 
bpiiWbfti xee^^teatbnD^pultSfti xec 



ditpemMes -bm 
rppd^ftct Gea 


er-av. 



HSflim 


:di^e lilM es , lin i 
ippibittct Geii 
HiiftH*. arav_ - 






mmrnF mwsm 



Kemkris- 


ffrfm 




mmW^K 


KcrTilH-Jcs 


^LAitg-pTpai: 


hiwkfyiR thirnkMis 

Prsrtfil, r. . . .f^3te#«,Cltalt»5. - - _ .l^stpijre 

- - = = = .pLImlBjClteiii^ - - - . 

"sWllly -gEf}ef#B!*BP.si;f p / mMHy .gi:©eifp*|*:W5pf 
’iMiWlih prcsTfiv-^r-^W 3ippii AwRh greelrB i*. 

pBtfiiffc red «ll #i|t;;^M*l|lft+%-^ 

iFlili!i yellow^etepdfeBi mfpMi ysiiievp^-r!l^*4#'it 
1*4 iplycipiai^ft^MJS p‘ -/gt ilp|||ly 
jgpjiiatttit itft* tri#ftg4 Ala ipiigihBiii i f j^PI 


Ki PTTriiM pC fiL 


%ij=-. 


SfiiPd 





Pitrt*p!is JiijKf =^F=^i*r* t 

iiniitffiflACpjft 
%iS'fclWPtrefii|^ 4 pli** 
sCPrSpS. ^ . ^WffSp^^M 

.fpPtdM ^kfWM^M 

PPalPlIiy ^IpSBBllpypWefft pjr- 
d'RtAfftls lyTeeftB-Pspip-^iy 

ttpi-iMIJi- red f t ftTpf rtjWtflrU 

gc4f ipms# AH ta _ - P.'*#-*PP K. 

Iffasily ^iitagiBWgpPff. I» 

BldUi F©lleweB 4 = 4 |j;i*j pj 

gl jd#ia(#l:#Mfl It -B. 
aii t 8 il 4 |«illKI¥Bl i 


Wdll^, 


aiBBMiab 


K»^^»TOM^«W^»«Oo«ll*W»B^nOT 
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INDEX AND GLOSSARY 


A». Symbol used for an axis of 
n-fold symmetn'. 

Absorption, 188 
scheme, 191 

Accessory minerals of igneous rocks, 
527 

Achroite, A colorless variety of 
elbaite. 

Acicular. Needle-shaped. 

“Acid'' igneous rocks. The same 
as persilicic rocks, 526 
Acid salt, 201 
Acids, 200 

Actinolite, Ferriferous tremolite. 
Acute bisectrix, 181 
rhombohedron, 87 
Adamantine luster, 143 
Addition and subtraction rule, 32 
Adjustments of the polarizing micro- 
scope, 162 
Adulaiia, 430 
Aegirinet 448 

Agate. A banded or variegated 
variety of chalcedony. 
Agglomerate, 540 

Aggregate polarization. The intri- 
cate structure of microcrystal- 
line substances between crossed 
nicols. 

Alabandite, 285 

Alabaster. Translucent massive 
gypsum. Formerly used for 
onyx marble. 

Alaskite, 532 
Albite, 434 

twinning, 433 
Alexandrite, 345 


Alkali feldspar. A collective name 
for orthoclasc^ microcline, and 
albite. 

Allanitc. 478 

Allot rioni Orphic. The same a.s an- 
hedral, 

Almandite, 461 

Alpha (a). (1) The angle V^ctween 

the 5- and c-ax(« of reference in 
the triclinic system. (2) The 
direction of the fastest ray in 
anisotropic ciy’stals. 

Alteration of minerals* 524 
Alumina. Aluminum oxid (AljOa). 
Aluminates, 339 
Aluminum minerals, 593 
tests for, 230 

Alundum. Artificial AljOj used as 
an abrasive. 

Alunite, 400 
Amalgam, 263 

Amazon-stone. The green variety^ 
of microcline. 

Amber, 517 
Amblygonite, 418 

Amethyst. The purple variety of 
quartz often used as a gem. 
Amorphous condition, 5 
Amphibole. A group of silicates 
including anthophyllite, tremo- 
lite (actinolite), hornblende, ba- 
saltic hornblende, and glauco- 
pbane, 450 

Amphibolite, a non-schislose meta- 
morphic rock made of horn- 
blende 

Amygdaloidal, 528 
Analcime, 511 

Analcite. Synonym of analcime. 
Analyzer, 161 
Andalusite, 474 
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b Curve Curve curve Svma^m,^ 

«Cyelie t^indm^ 1909Cyclic twiuC#^2-l™OCyel,e twin, (ilp2™l QCj 

Cati«#i>piiMa9^»peAn ©fiiMiipfcil^ii^peATi €iu«tiipiit®iu^jpeAii 
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I IIteidTiti«v cilfaMsS|i®g iJmiiiritift, dB^sstuMit likMidirit^,, tM-i^€t5tiiS| 
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ftMeiewaiuat isJ&i tali asiiSftijHl 818 * inat CrfJAiim t myelrfiaBiii 

Mcai||pii!^a**tri^^TMiaijih.e;a||pif^ht^Iii^ftwt€ailihk!afop^to»Iii;^ftmaip 
7%irhSittaiaiC3J®iiMirtUii- IrllliatousMdi^ttMlfbjai-- 

s riiafc^ym cJBbiwi fB nltftS' iJtaJii^faiiolfbfctrfrfflta: 

ley aRdo^lfl^btsi, tefThey arfiopijol^imi, tdrhey asiao^pl^^rt. tcirf 
irsI^^mmrtri 2 #ajH:eai(--iit i iJ aiBgM dirtyjataiaesent ir^W^wi3a|a>af®|M;eserit ’ 
:iCiiMe-pCi^ff^^MioE^:ihi(JM»^P^g^WMtrigEi*phitl}imfipo^ff;^*iilfogiai|jli 
ettiH»nQny*B»Me 3 :i&fttefe®ift,^niMC^aaeiCa#tbifr-Jjfn-^iHHOTWse*«i'fttef 
y. DM; fflftfMiill^Fiijdhv, TMriJ^«Mte^raptiy, T^feil^rtMi^rtiph 
vdiiirtoiiiilsll p^^HwiserysAliWtjmitail aS^iMtscrr-MliWciniittii 3d^M*davr: 
QijiMip>»3felF^ftc^e«H=ijri©ic3iyJMrel^^tp^tKrT^(;uiit3ivDiTOwa=d3liftw igcviTCi 
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Dimorphism. The particular case 
of polymorphism in which there 
are two p)olymorphs. 
DIOPSroE, 444 
Dioptase, 476 
Diorite, 535 
Diploid, 104 
Diploidal class, 103 
Dipyramid, 20 
Directions image, 181 
Dispersion. The divergence of the 
optical constants for different 
parts of the spectrum. 
Disphenoid, rhombic, 22 
tetragonal, 22 

Disseminated. Scattered through a 
rock or vein in small quantities. 
Disthene. SjTionym of kyanite. 

Di tetragonal dipyramidal class, 67 
prism, 20 

p>Tamidal class, 74 
Ditrigonal dipyramidal class, 81 
prism, 20 

pyramidal class, 93 
Dodecahedron, 97 

Dodecants. The twelve di\dsions 
into which space is divided by 
the four axes of reference of the 
hexagonal system. 

Dog-tooth spar. A varietj' of 
sharp-pointed calcite crj'stals. 
DOLOMITE, 360 
Dolomitic limestone, 549 
Dolomitization, 550 
Domatic class. The cr>'stal class 
with a single plane of sjTnmetrv', 
62 

Dome, 19 

Double refraction, 158 
Dravite, 485 
Drawing of ciy’^stals, 41 
Dnisy. Apparently sprinkled over 
with minute ciy^stals. 

Dry-bone. A local synonym of 
smithsonite (Wis.) or cenissite 
(Mo.) 

Dumortierite, 487 
Dunite, 538 


i: 

Eclogite. A met amorphic rock <‘on- 
taining garnet and omphacite. 
a variety pyroxene. 

Edge of a crystal, 6 
Efferv’es(‘ence. The bubbling 
caiLse<l by the evolution of gas 
such as CO 2 . 

Efflorescent. Gives up its water of 
crystallization on standing. 
Eglestonite, 287 

Elit‘<>lite. A synonym of nepheline. 
Elastic. An elastic mineral springs 
back when tjent in contrast to a 
flexible mineral which remains 
bent, 

Elbaite, 485 

Elect rum. A naturally occurring 
alloy of gold and silver with 
over 20 per cent, of silver. 
Elements, axial. A collective name 
used for the axial ratio and the 
angles between the axes of 
reference. 

list of chemical, 198 
occurrence of chemical, 197 
of symmetrA', 15 
Ellipse, optic, 177 
Ellipsoid, optic, 179 
Emerald. The clear green variety 
of berxd used as a gem. 

Emer>’. A mixture of corundum 
with magnetite. 
Enantiomorphous, 24 
Enargite, 307 
Endlichite, 415 
Enstatite, 443 
EPIDOTE, 479 
Epsomite, 395 

Equant. The same as equidimen- 
sional. 

Equation of zone control. 32 
Erubescite. A sjTionym of bomite. 
EfAdhrite, 294 

Essonite (Hessonite). A variety of 
grossularite garnet used as a 
gem. 



TmmmMGttmm imwm 

r*ic^’p^j|fi_f r* A’^TionyAic^'a^glBFr^ AAgyioriyfif^'li^gWf *■' A’^rtotn 
Fornylgilte^lraL 5 Fortiy ‘#4^dral, 5 Foruy *i#wlrai; 5 

1 , 6 cli 3 ^ 4 y^% theorem, 6 eloM?iietff theoreiri, 6 cIoSMpA theoreii 

swe%ed|#M#iM»eaffo swe%eiipf^J^tteatl/o Kwe%etJW;^^ii»acrcf 
e learicwiM «illift>lake the lear lem crf aiMtoMte the lea yteiirf aftMtoMhe tli^ 
op&f^Miori, 171 opifeliiethiii, 171 opwliKlailctioo. I7l 

-SJorihofiAIRItr, lie -SymilMiUnHla, lie ItiS 

Ifl tah^atiiiiiaifiiSl, 171 tahulatii«eiiti<m 171 tabulatitilieef |<m : 
mils) mfaKKt^fiW (igneoils) mofal^aH* (iglieOiiK) Ktiifciai®®!: (igne 


oCylswiiei gh iSf. The suiii oCjhiWcAg tih e The sum Cifjhawiahiie The i-iinm 
« iitcims fji"*Mghts Iff the atcmiS tmaiiffht-S ill the ato ms cAmghts of th 

> Forsteffift|j€fi§rySt-aL « FCirsterfsytlfjCHyKtah tl FOTsteiJfsf'^tlfirystaL tl 


etl lo tif ytylii^iteokcoveil hi ijf tirnimM^amswed in ,jf tt*Jh«iiir€?f:i«w 
Fracture, llfion. Frac-tiiTe, llfltm, Fraetiire, 1 lt|on. 

TPfi mMijBte ElMliiihoL 27Fl*al£li4i*«eA4aitLsjlj kTFT anlrl 2^ 

flflllgbci#i*ett , Sl%aer-bei%Rr^berfitMl> fllli’erT*eaFin||berRi*eJt, SlverTie 
iyoionhe4i^Wjra.ct ick- syiionbrffiifcf »rAetEk-= syTicmhmi?iifcijr«tetiA= s 
FremoMtite, liiijiite, FM;iiionlile,l*iiS"itce rreiiiontite.l^iite. 

ii*liIFFfOQMF^h*iiiit%, StJlfttpiciif FAWitiriit%, S*i; 
iiseBabtetsBioysl74 uenBabtetaBioibl 74 iiseliab|e:h^iaml74 

FreciiietEayaMe, 4611 FrequeiiiiayalSi:, 4C4i FrequeiEajral^e, 463 

finiisMspars. 42-8 fing^bispare, 428 fiiiipaldsipars, '42-8 

ilBft«kHtiHh^ipatF*hi«yh®ftt#BtiHh^pali'«aiii;lj 4 B»i#eljBfe^ppa 4 ¥#hfc;t 
kestaffhe hnvp hEstaifh e fcstega^^^rttfcKHtiffise 
lie 8i®&™lMSliw*itcamc Flk^S^h^BSIwW'biaJiie 7d®#-h®ll|Kjtih;ai 


^imitimtfaejffi%t^^^BryThfFMriti»t8eap|jlKOTearyili*liiiiimthfiaE^ta^iry5li 
mpi^^-tettiateM)2 maMteritatwCih iri.^^-te*it#|«ICl2 

Q Fi^Harcff^j^Sfcgnesianh flMarfff^y^filfigneaiari rcffWa’^fifigoeaiaj 

1 Fu 8 ibiliE^tolSii*rtif 6225 Puaibilijyytetrf*tq ^228 Fusibili^vte*astt«wro 24 i 

al witKire=d^» 4iil- fthtal wltKire-a lp»4li _h€lpal witRimerl|i*4JJ#€Jp5 
refleefTons, reflecfions, reflecfioiia. 


fim it 1 amrf-t^aPrQF lRiS e. oaiiliziiigP^ftBroF Tfi tRe:- pxidizm 
lOhrmite, TlVeducing, bOabmte, Tl^Hiieiiig, PlJahnite, JKfr^aiucing, i 
Galaxite, hbfeata, 217 (Jalaxite, SSftwta, 217 Galaxite, iSiifests, 217 


4Ar/> GLOma^lEX AND GLOABMmEX AND GDOSsm^JEX . 


mA tirthoi‘lasrt yimHaaimil orthoolriArf fififi^a^nd orthoelastf fluaMarta 
rals, ftafi iiiiarfjc-:lminera.lH, 555 raicnjcliniEieraJM, 555 micmcliiUBe 


ByfMJdrn €jf tmllv Asrnica^icfA^iii of t^l«Asimei^pai]ilC*4iii of t-§l|liMlSllie]^f 
e, 548 Ma^/liissite, 548 iBayluHsite, 548 ®nyliissit^ 

iAfeturo lite8t4fciMrilil#t4#*Ktiire lilitKlsiftislrflfljfdi'ixtiiro JiteptiMeclrilfljrf 
i §ftinite, ilIf^iiditEi Miiiito, tlAislttfii fMiiitco €liAii|Ute 

GMAPHITO^aW GmAPHiTOl,*lS GmAPHI« 5 *i 


ymiMmmmm^avnA i 

S hedofteodCj 111 hedriCteocip 113 iwcirilftwdp 11 

ml crpatallsgpa|fcg|;^-trit 3 _al cf#ifAH»g 4 ii^if|ffi:trical 

2#reai_ txn^j41jr|lte, l#reat l#reat cin^j4t>rtl 

Bd A Mifffywihiiiritsefi A MiMWii^rttiiod A««f*W%|iiiitiii 

^ 

8fd#ti€»na- »f*d#tiwHSPparp|A|i|4T^ siedl|tH»nsPP«i 

.GfosRiMaotilSffl’"* ,C|rofiSidaiifi! 3 ffr“" ^GTOsHtila 

§m »P*>je8i»t-«®iati«ippaEi ap*jreMia«c#iiaP«nii«Bi apprp2Pmijc«iafe«tPii 
^Pif.ioCTiitan c-ryswmmmwmtjticA^erumn t:r^n%m%nmTmMheAfvrirAri 

a-i«#*pce (CtiMec,C|^|^j, 

X Mmirnwth^^lf^ptmf Mfftjrowth^^ifWliflwet 54^rowtli-f^l#Mftiei*t 
, 2®50udmuiiiii|i|i«li#t>t, 2y5Gudiiiiiiilllli|i«#ot, aiaOudmijRlil^lS^ot 


5 frtJftiypgite, S^acooite, sfjffdypsiio^ A^Bcoiiite, oUWiypgite, i^aconMf 

e of G%anr4MffyjAflP%»larie of synnAwr^JlilB^ilaiie of syriiidBtf^JMfl^daii 
m wedgoAwiwiMiAgdkte wodgeWwl^lMiAgdM* w-odgeAM^dlAgdiii 
mute. rttidte^ _ _ SgFnito^ _ rtMiSC W 

lirfoinrwiili Atatlfiff 

»4Ay3 A pymi^ljjj^ %^4A3.3AAymi^TO_ %ft»4AgAAAynii^nO. %A 

mis, eSMfuiffirals, 


235 


tostf gor, aipo trat^or, 23o 

rmtact, 8 fiomometep contact^ S Goniomete 






tOBtfJ 


‘gfierhii^ti s±itfr>''srar''{fefemiilW(l O)\Kf 5 ' 0 fF;r^atTfeiTrii^d aR,,crJ^ral’‘’ 

SPdirectS*A*W 1 PM>dl«cl«W«W-jfe^dlm.:t»J!tfW'a!ihJ 

» HgfUy, y^“« *** Hackly, OS™”; ™ Hackly, 

aeousraioka, ietieoiiffiHJcka. f^Wiriad iKn&ou*aTockB= titaiiuiai igi 




Hli bnertts#l4Qft _ 441 Muho^maMf^^ 441 Hiittiieg|s#i4flir. 441 

Sj^llMljKpil^haiitrilfe, SyTiMlI^ilcfflhttCipili©., 

Ss;^£^#«am|*Biiii:4 iijriMf, liwip 

- A A A syna»;fH_^^A«p-iti4 

rppit forMBmppi3«"»8fc form wmw mTApmt for mmm Km’m 
iriasSijai^ii^iwtA A 


L rrhiarihMfMiiSftAeft. (T|-^Ws^^ll4oiiiti*. (Tli^iAatt*Mtiirsilitt 

Ayhthrflgiiwmite^Aiii. iiAlf%#lft 
40 aeigigiltliedral. 40 aciftgillhedral. 40 ariftfertthcdral, 
iu^ H^lfsMfawftHSIptoc^ 

£> ends fiili^aiitlA ends WO* foApfitito «nds teidH | 0 #|iii«|M 3 

^iry flpAoBIlfflHitoiiiilry iilllil4fti liifry M^om WmS ^m ill 

, cfimkmmmmrnflm, c^mmrnsmm^m 

WAliyilpxidfj Igt (lOttlAfiyfljOaOte, (179^1gyi|l»ids, pA (17 

lipyMiHtiiMWiifc^il flipyJiiidniiiHiiifci^l dipyliJHtilliliift^Aft c 

lal aiee« 8 lipajA|g|aidal ip«c«lheB% 4 ftiii 

aedi*towlaBii»W 0 ® lenobetii^llfleiOilo ientilicdi»4ia«lAili 0 |a Ann] 

piiij 77 fsiibsyPTa^j 47 subspsteui, 77 SiibsYsti 

75 sysleA* 75 systeAj 75 systeA, 

heciTal tpass, 52 traCjCzopecirpl C4ass, P4 rrapezoPePral eJasS, Ris traiiezes; 
jto 



Iml clB3e044Hc:stAraiicdral tPaKijpTiSf extet raliedral elasapOiHextptfaJied 




INDEX AND GIJ)SSARY 


613 


Indicat rix. A synonym of the index 
ellipsoid. 

Indices, Miller, 27 
of refraction, 148 

Indicolite. A deep blue variety 
of elbaite. 

Indigo copper. A synonym of 
covellite. 

Injected igneous rocks, 529 
Integrity of zone character, 35 
Interaxial angles, 39, 40 
Intercepts, 25 
Interfscial angle, 7 
Interference, 163 
colors, 163 
of light, 163 
Interference figures, 181 
color chart, 168, 170 
Intergro^’th. An interlocking ar- 
rangement of two suljstanccs 
produced by simultaneous crys- 
tallization. 

Internal structure of crystals, 116 
Intrusive, 529 
Intumesce, 225 
Inversion, 14 
twin, 109 
lodid flux, 214 
lodyrite, 84 

lolite. SjTionym of cordierite. 
Iridescence. A rainbow* effect pro- 
duced by the interference of 
light in thin surface films. 
Iridosmine, 263 
Iron, 273 

minerals, 596 
tests for, 235 

pjTites. A 8>'non>'m of pyrite. 
Isochromatic cur\'C8. The colored 
curves of interference figures in 
white light which are cur>"e8 of 
equal retardation. 
Isodimorphism, 355 
Isogyies. Those portions of inter- 
ference figures that are dark 
when view'ed in white light. 
Isometric system, 95 
Isomorphism. 205 


IsomorphoiLs mixtures, 207 

IsotiDpic, 177 

J 

Jacobsito, 339 

Jade. A i o u g h compact green 
or greeiiish-white ornamental 
stone consisUMg either of an 
amphibole ^ni'phrite; or of a 
pyroxene (jadeite). 

Jadeite, 449 

Jamesonite, 301 

Jargon- A pale-cfiloreii variety of 
zircon used as a gem. 

Jarosite, 401 

Jasper. A red to yellow* or brown 
variety of chalce<lony or quartz 
colored by iron oxids. 

Jasp-opal. 0|>al colored yellow*, red, 
or brown by in>n oxids. 

Jeffersonite, 448 

Jolly balance. A specific gravity 
balance in w hich use is made of 
a spiral brass wire. 

K 

Kainite, 390 

Ivaolin. Impure kaolinite. 

Elaolinite, 502 

Kaolinization. The process by 
w hich kaolinite Is formed. 

Kemite, 377 

Kidney ore. A colloform variety of 
hematite from England. 

Kiescrite, 203, 392 

Ivimberlite, 265 

Kunzite. A transparent lilac- 
colored variety of spodumcnc 
used as a gem. 

Kyanitei 475 

L 

X (lambda). Symbol used for wave- 
length of light. 
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Lahradorit«, 437 

Larculith, 520 
Lamrllar, 112 

LanipiKlitr. A ruprifrn»iM varirty 
of psilomeliuir. 

LAfitKanum itiiiM-rmki, 507 
Lapilli, 540 

Liiptii lniiili. A mixturr of haOyM, 
cmlcite, dK^pside, etc. 

Latite, 534 

Laue, M., German matKenialirai 
phynicwt. 

Laue photofcrapha, 127 
Latunontite, 513 
Lautarite, 548 
Lava. 529 

Law of ronatanry of inlerfaeial 
anglea. 16 

of maximum retieular density, 
117 

of rational indicea. 25 
of rational ayrometric inter- 
cepts. 118 
Lawaonite, 483 
LazoUte, 420 
Lasurite, 442 
Lead minerals, 597 
tests for, 236 
Lechatelierite, 324 
Left-handed quarts crystal, 318 
Length-fast, 176 
-slow, 176 

Lenticular. Lens-shaped. 

Leonite, 392 
Lepidolhe, 493 
Leuctte, 439 
Leucitite, 538 
Light, convergent, 181 
nature of, 145 
polarised, 156 
Limburgite, 538 

Lime. Calcium oxid (CaO), often 
incorrectly used for calcium 
carbonate. 

Limestone, metamorphic or crystal- 
line, 552 
oolitic, 548 
sedimentary, 544 


LnaH form. 8i 

UlfOinTl,349 
LlBarita, JM 

Lmdgrea. Asasmaai li^ 

(INM 

Linear proiertioa, 10. 47 
lithia. Lithium oxid 
Lithia mica lepulolite, 4M 
Lithium mtnerak. 597 
teals for, 216 

LcMifiatcine, A vanHy of magnetite 
which arts as a magiMt. 
Loliingite, 296 

Luaaatite. An inlimale mtmtum al 
fibrous chakedony with opal. 
Luster, 142 

M 

Marie. Bynonym of a iwin-rryslal. 
Marmsropir. The same as 
megascopic. 

Magma. 526 

Magnesia. Magnesium oxid (MgO < 
Magnesian limestone. Liroe sto tis s 
containing magnesium, hut m 
quantities insufficient for dolo- 
mite. 

Magnesioferrite, 339 
Magneshs, 363 
Magnesium minerals, 597 
testa for, 236 

Magnetic iron ore. A synonym of 
magnetite. 

p>Tites- A synonym of pyr- 
rhotite. 

MAGIVSnTE, 341 
MALACHITE, 372 
Malformed erystals, 16 
Malleable. Capable of being ham- 
mered out fiat. 

Maltha, 517 
Mammillary, 113 
Manebach twin, 429 
Manganese epidote. Synonym of 
piedmontite. 

Manganese minerals, 598 
tests for, 237 
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Manganite, 349 
Manganophyllite, 482 
Marble. Any limestone that will 
take a good polish, but also used 
by some for a metamorphic 
limestone. 

Marcasite, 295 
Margarite, 497 

Marmatite. Ferriferous sphalerite. 
Martite. A pseudomorph of hema- 
tite after magnetite. 

Massive. Without definite form or 
structure. 

Measurement, of axial angle, 187 
of ciy’stals, 7 

of index of refraction, 151 
of interfacial angles, 7 
Mechanically formed sedimentary 
rocks, 541 

Mediosilicic igneous rocks, 526 
Meerschaum. S>TionjTn of sepio- 
lite. 

Megascopic. Capable of being seen 
with the unaided eye in contrast 
with microscopic. 

Meigen’s test, 368 
Melaconite, 558 

Melanite. A black titaniferous va- 
riety of andradite. 

Melanterite, 396 

Melatopes. The dark spots or 
‘‘eyes’’ of biaxial interference 
figures. They represent the 
emergence of the optic axes. 
Menaccanite. A synonym of 
ilmenite. 

Mercury (mineral), 268 
Mercury minerals, 598 
tests for, 237 
Merohedral, 40 
Merosymmetry, 40 
Merwin’s flame-color screen, 213 
Mesitite, 363 

Metacolloids. Microcrj^stalline 
substances of colloidal origin. 
Metamorphic rocks, 550 
limestone, 552 
Metamorphism, 550 


Metasilicates, 427 

Metasomatic replacement. The re- 
placement of a rock mass by 
solutions. 

Methylene iodid, 139 
Miarolitic. A term applied to the 
structure of injected rocks con- 
taining cavities lined with euhe- 
dral crystals. 

Mica group, 491 
plate, 175 
Micaceous, 112 
Microchemical analysis, 243 
gj-psum, 250 
struvite, 253 
MICROCLINE, 431 
Microcosmic salt. The same as salt 
of phosphorus or acid sodium 
ammonium phosphate used in 
blowpipe analysis. 

Microlites. Minute cr>'stals found 
in volcanic glasses. 
Microperthite. Pert bite on a small 
scale. 

Microscope, polarizing, 160 
Miller, W. H., English cr>’stallo- 
grapher and mineralogist (1801 
-1880). 

Miller indices, 27 
Millerite, 288 

Mimetic twinning. The tendency 
of twinning to raise apparently 
the grade of symmetry and 
thus imitate other crystals. 
Mimetite, 413 
Mineral, definition of, 1 
Mineral species, 261 
Mineraloid, definition of, 262 
Minette, 350 
Mirabilite, 548 

Mispickel. A 83 Tion>Tn of arseno- 
pyrite. 

Moissanite, 265 
Molecular compounds, 201 
Molybdates, 402 
MOLYBDENITE, 279 
Molybdenum minerals, 598 
tests for, 237 
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9 JbUahedrtMi, ^jd 269 ^tahedron, 269 ^ctahedion^ ^Ud, 26 

1 AtWiwmwWc^^^a 

, 26S tlie eytblH^oiiry, 268 the eyeAd^cury, 268 tbe cytopiMiyury 

□, ^^losjunraetipi^ttiurii, ^^Bf/symmetiyi^ttiiitii, l^l=os3TniDOtr^pitjiiii 

70 Oil shale blaeilver, 270 CMl shale, -SlSsUver, 270 6111 shale, =518s6ver, 2 
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Omphacite. A bright green variety 
of diopside characteristic of 
eclogites. 

Onyx. A variety of chalcedony 
with sharply contrasted bands 
of colors. 

Onyx, Mexican. The same as onjTc 
marble. 

OnjTc marble. A banded variety 
of calcite or aragonite formed 
from water solutions. 

Oolite. A rock made up of minute 
spheres formed by concretion- 
ar>^ action. 

Ooliths. The individual spheres of 
an oolitic rock. 

Oolitic limestone, 548 

structure. The structure of an 
oolite. 

OPAL, 321 

Opalescence. The peculiar milky 
appearance often seen in opal. 

Opalized wood. A replacement of 
wood by opal. 

Open form, 24 

Open tube tests, 219 

Ophicalcite, 555 

Optic axes, 180 

axis. The c>axis in the tetrago- 
nal and hexagonal sj’'stems. 
ellipse, 177 
ellipsoid, 177 

Optic normal, 178 

Optical anomalies, 193 
character, 178 
constants, 180 

indicatrix. The same as the 
index ellipsoid, 
orientation, 193 
properties, 145 
sign, 178 
tests, 191 

Optics, crystal. Optical cr>"stal- 
lography or the di^^sion of cr>'s- 
tallography that deals with the 
transmission of light in crystals. 

Order of succession, 522 

Ordinary ray, 158 


Ores, 556 

Orga n ica 1 1 y-deri ved sed i me n t a r>" 

rocks, 543 

Oriental amethyst. A purple vari- 
ety of corundum, 
emerald. A green varietj" of 
corundum. 

ruby. The true ruby, a variety 
of corundum. 

sapphire. The true sapphire, a 
variety of corundum, 
topaz. A yellow variety of 
corundum. 

Orientation of a ciy stal. The plac- 
ing of a cr>’stal in its conven- 
tional position with the c-axis 
vertical and the u-axis pointing 
toward the observ^er. 
optical, 193 
Origin of minerals, 521 
Orpiment, 276 

Ortho-axis. The 6-axis in the mono- 
clinic system. 

ORTHOCLASE, 428 
Orthogonal zone, 33 
Orthographic drawing or projection, 
41 

Orthorhombic sj’stem, 53 
Orthosilicates, 427 
Ottrelite, 498 
Oxidizing flame, 217 
Oxids, 317 

Oxyhomblende. Sjmonym of ba- 
saltic hornblende. 

Ozocerite, 517 

P 

P . S>Tnbol used for plane of 
sjTnmetry. 

Pallasite, 464 
Paragenesis, 522 
Parallel growth, 108 
extinction, 171 

Parameters. The relative intercepts 
of the unit face (1 1 1 ) on the axes 
of reference. 

Paramorph, 524 
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Salt. (1) Synonym of halite. (2) 
Compounds formed by the union 
of bases with acids. 

Salt of phosphorus. Hydrous acid 
sodium ammonium phosphate 
used in bead tests. 

Salts, acid, 201 
basic, 201 
normal, 201 
Sand, 541 
Sandstone, 542 

Sanidine. A clear transparent vari- 
ety of orthoclase found in vol- 
canic igneous rocks. 

Sapphire. The transparent blue 
variety of corundum. 

Sard. A brownish-red variety of 
chalcedony used as a gem. 
Sardonyx. Agate with red and 
white bands. 

Sassolite, 539 

Satin-spar. A fibrous variety of 
gypsum. 

Scalar, 136 

Scale of fusibility, 225 
hardness, 141 

Scalenohedral, hexagonal, class, 86 
tetragonal, class, 71 
Scalenohedron. There are two 
kinds of scalenohedrons but 
when no qualifying term is used 
the hexagonal scalenohedron is 
meant. 

Scalenohedron, hexagonal, 22 
tetragonal, 22 
Scapolite, 468 
Scheelite, 404 
Schefferite, 448 

Schistose. With the characters of a 
schist. 

Schists, 551 

Schoenflies, A. M., German mathe- 
matician (1853-1928). 

Schorl. An old name for tourma- 
line. 

Schorlite, 485 
Sclerometer, 142 
Scolecite, 512 


Scorodite, 421 

Screw-axis of symmetry, 124 
Secondary, 560 

enrichment, 559 

Sectile. Capable of being cut bv a 
knife but not flattened out by a 
hammer. 

Sedimentary rocks, 541 
Selenite. The cleavable variety of 
gypsum. 

Selenite plate. A plate of selenite 
showing the sensitive violet 
(q-v.). 

Semi-opal. Common opal as dis- 
tinguished from precious opal 
and fire opal. 

Sensitive violet. The purple inter- 
ference color between red of the 
first-order and blue of the 
second-order, 172 
Sepiolite, 505 

Sericite. A finely crystalline vari- 
ety of muscovito. 

Serpentine (rock), 554 

minerals of. Antigorite, chrys- 
otile. 

Serpentinization. The alteration of 
peridotite or related rock to 
serpentine. 

Shade, 143 
Shale, 543 
SroERITE, 364 
Silica glass, 324 

Silica minerals, stability relations of, 
325 

Silicates, 425 
Siliceous sinter, 549 
SUl, 529 
Sillimanite, 476 
SILVER, 270 
assay, 225 
cupellation, 226 

glance. A synonym of argen- 
tite. 

minerals, 599 
tests for, 240 

Simple reflection goniometer, 1 1 
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Subsectile. Imperfectly sectile like 
chalcocite. 

Subsilicates. Silicates of the type 
n RO SiOi where n >2, 427 
Subsilicic, 526 
Subsystems, 75 

Succession, order of, of minerals, 522 
Sucrose = cane sugar, CiiHijOii, 62 
Sulfantimonates, 299 
Sulfantimonites, 299 
Sulfarsenates, 299 
Sulfarsenites, 299 
Sulfates, 382 

tests for, 241 
Sulfids, 275 

tests for, 240 
Sulfo-acids, 200 
Sulfoferrites, 299 
Sulfo-salts, 299 
SULFUR, 267 
Sulfuric acid (reagent), 214 
Sunstone. A variety of oligoclase 
with a spangled appearance due 
to inclusions of hematite or 
goethite. 

Supergene, 560 

enrichment, 559 

Surficial. Deposits found on the 
immediate surface of the earth. 
Svabite, 409 
Syenite, 533 

porphyry, 534 
Sylvanite, 297 
Sylvite, 310 

Symbols of crystal faces, 26 
of zones, 30 

Symmetrical extinction, 172 
Symmetry', 12 
Symmetry, axis of, 13 
center of, 14 
composite, 14 
direction, 14 
elements, 15 
formula, 34 
operations. 12 
plane of, 13 

Synthesis of minerals, 522 
Systems, crystal, 38 


T 

Table, of the 32 crystal classes, 34 
of atomic weights, 198-199 
of cry stal forms, 23 
of cry’stal sy'stems, 40 
Tables, determinative, 503-591 
indices of refraction, 194-190 
specific gravity’, 139-141 
TALC, 500 
Tantalite, 407 

Tarnish. A thin surface film caused 
by’ oxidation. 

Tellurids, 275 
Tellurium minerals, 600 
tests for, 241 
Tennantite, 305 
Tenorite, 539 
Tephroite, 463 
Test-plates, 175 
Tetartohedral, 40 

Tetartoid. The twelve-faced gen- 
eral form of the tetartoidal class. 
Tetartoidal class, 106 
Tetartosy mmetry’, 40 
Tetragonal dipyramidal class, 73 
disphenoidal class, 70 
prism, 20 

py’raraidal class, 71 
scalenohedral class, 71 
sy’stem, 66 

trapezohedral class, 72 
zone, 33 

TETRAHEDRITE, 304 
Tetrahedron, 102 
Tetrahexahedron, 97 
Texture of igneous rocks, 527 
Thenardite, 382 
Theodolite goniometer, 1 1 
Thinolite. A kind of calcareous 
tufa. 

Thorite, 334 
Thouldt solution, 139 
Thin-sec t ion. A paper-thin slice 
of a mineral or rock, used for 
microscopic examination and 
optical tests. 

Tincal. Symonym of borax. 
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1 psilomellsmeeittj 461 pBiiomtiliiiBiflivitej 461 pKiInfiiftIgasBvite, 46 

ipVater of constitution, liidVater of ronstitiition. lOdVater of const it ufioii. 2C 

0 Vtd cmptallisation, 203 Vof rrystallizatioii, 203 vof rrystalliaatioii, 2C 
Water Bappiiiie, 40i Waier sappidre, 491 Pater sapphire, 491 

ite. leAtsWiB^WBeihpi to* teAis fpSdl^ii cAh ni te , tedia sdiJc^teH cifi n 
IVave-froMt, MTadiiiaria, Wave-front, 147adularia. Prive-front, Wfadulana, 
48 -leiiptiidTrtiidafes, 4u8 -lengths lt«dates, 408 denKthjVft^dates, 4i 

14 nnotioWaWpinite, 414 -riiot loWafcKiliiiite, 414 -iriotiorMaiBiBifiite, 4 

aWtaliyMMI dllnadium inii®l«isfMi| ffilnadium inii^toi-piMil WSnadiuin nil 
rWSve-f heciry of isgtftiqijfWave-theory of 'ttsfitafqiriWMvePheory of ifeltt Olfi 
Wri}«l»firiii^iilfctjH«*-in ttoaAKHiiqWWartiwsfi-iTi WpaTft^tippittepwriin 
^fiisuin jitWlof ^pisumfiiWJof n 

1 qiiartz,4iMtorml, 130 quart z,vi^tonal, 136 quartz, Wlttlorial, 131 

WpiPplliSW ^IMdiMaan WytapllAW ^lnap^Pan WpissillAW feliiaUtlftfiaii 
ori oqdriift (171»i98^ori (l7wO<isB^ori 55a^5i 

ePTj^ ^i^h^^ttotfajueWqAis sijiwhMBf^WWfcqPeW effis ^i®i#iililA««Klti 

rWtWeil^t^ 

rtlite HToiiWvr of oftPiMSpohte grouper of We^^polite gfnM||rer of lMitia|^p 
hW»alpflite,PEr#ees of a cWtedpQite,^#ce5 of a cWM^i Bite,%f#CeH of a 
hM fptpeftptti-' c®igJl%r^»cq4fcP Iptecioj^h* l|ttp=4pjjli,r ef|ig||%reri|ai 

Svnonpirt. oftridiwWaite, SvnooHrt oft ddiwwtsrte, SvtioriKMl oft TWijpwitiJq. 
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Wood-opal. The same as opalized 
wood. 

Wulfenite, 405 

X 

Xanthochroite, 284 

Xanthophyllite, 497 

Xenomorphic. The same as 
anhedral. 

X-ray spectrometer, 129 

X-rays and crystal structure, 125 
diffraction apparatus, 184 
diffraction pattern, 133 

Y 

li u. The Chinese name for jade. 

Z 

ZEOLITE (group), 508 

Zinc blende. A synonym of sphaler- 
ite. 


Zinc blende, minerals, 601 
tests for, 242 
Zincite, 329 
Zircon, 471 

Zirconium minerals, 601 
tests for, 242 
Zoisite, 477 

Zone of crystal faces, 29 
Zone of oxidation, 558 
Zone of secondary enrichment, 559 
Zone-assemblage. The series of 9 
or 13 zones, intersections of 
which represent unit faces of 
a crystal on a stereographic 
projection. 

Zone-axis, 30 
Zone-bundle, 35 
Zone-indices, 30 
Zone-point, 30 
Zone-symbol, 30 

Zones, in the hexagonal system, 77 
types of, 32 
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